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ABSTRACT 
 

Introduction 

 

There is high mortality amongst adults being investigated for tuberculosis (TB) in primary 

health care (PHC) facilities in South Africa, but the causes of death (CoDs) are not clearly 

defined. Patient and health system-related factors such as diagnostic delays, delays in delivery 

of laboratory results and treatment start delays exist and prevent this population from linking 

into care. Innovative interventions are needed to assist with linkage to HIV and TB care. This 

is important as the first two goals of the South African National Strategic Plan are to hasten 

the development of interventions to prevent new infections, and to reduce morbidity as well as 

mortality by providing treatment and adherence support. The first target of the global STOP 

TB plan is to reach 90% of all people with TB and place them on appropriate treatment. The 

national tuberculosis guidelines also recommend that everyone undergoing TB investigation 

should be tested for HIV, a recommendation that links to the Joint United Nations Programme 

on HIV/AIDS (UNAIDS) targets to ensure that 90% of people living with HIV know their 

status.  

 

The aim of this PhD was to determine the causes of death amongst adults being investigated 

for TB, and pilot two interventions in PHC facilities to improve linkage into HIV and TB 

care, a case manager and mobile health (mHealth) intervention. 

  

A study investigating causes of death in people being investigated for TB and two studies 

piloting interventions to improve linkage to care form the basis of this thesis:  

 

(i) Determining causes of death amongst people undergoing TB investigation using 

verbal autopsy in South Africa  

(ii) A pilot study to evaluate the feasibility and acceptability of using a case manager to 

improve linkage to TB and HIV care amongst people investigated for TB in primary 

health care facilities in South Africa   

(iii) Development and implementation of mHealth-based clinical decision support 

messaging for health care workers and patients in the initial investigation of 

tuberculosis in primary health care facilities in South Africa.  
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This thesis comprises of these three studies and is presented in two parts: an integrative 

narrative which synthesises the studies, followed by three published papers and one 

unpublished manuscript presenting the studies. 

 

Methods 

 

The first study determined the CoDs in people being investigated for TB and was a sub-study 

of the XTEND Trial, a cluster-randomized trial comparing Xpert MTB/RIF versus smear 

microscopy as the initial test for diagnosing TB. The study was done amongst caregivers of 

the 231 deceased participants who were enrolled in the XTEND study. The caregivers were 

aged 18 years and above and lived in four provinces (Gauteng, Free State, Eastern Cape and 

Mpumalanga) of South Africa. For the sub-study, all contactable caregivers of deceased 

XTEND participants were interviewed using the World Health Organization (WHO) 

approved verbal autopsy (VA) tool. The VA tool has a quantitative section with questions 

requiring ‘Yes’ or ‘No’ responses and a narrative section which allows for detailed 

documentation of events leading to death. Cause of death (CoD) was determined using 

physician certified verbal autopsy (PCVA) and InterVA 4.3 software with comparison of the 

CoD profile between the two methods. Responses from the narrative section of VA were used 

to ascertain perceived barriers of care as described by caregivers of the decedents.  

 

The second study piloted a case manager intervention, where a lay counsellor supported 

patients undergoing TB investigations for three months by encouraging HIV testing, calling 

them to return for results, following up on their laboratory results, and assisting with 

treatment initiation if confirmed to have TB. The study was done amongst people undergoing 

TB investigation aged 18 years and above, in six PHC facilities in Mpumalanga and Gauteng 

provinces of South Africa. Linkage to TB care was defined as starting TB treatment within 28 

days of having sputum taken for TB investigation. HIV linkage to care for HIV positive 

people was defined as having blood taken for CD4 count test and, for those eligible, starting 

antiretroviral therapy within three months. The feasibility of implementing the intervention 

was assessed by attempts made through telephonic calls or participants visiting the clinic. 

Qualitative interviews were conducted to assess the acceptability of the intervention and 

explore barriers and facilitators of linkage to HIV care and TB treatment initiation. 

 

The third study developed and piloted an mHealth application to capture patients’ TB 

investigation data and deliver laboratory test results directly to patients via text messaging. 



vii 
 

The study was done amongst people undergoing TB investigation aged 18 years and above in 

two clinics in the Gauteng Province of South Africa. Data were collected over two periods: 

pre-implementation period and implementation period. The pre-implementation period 

involved facility health care workers recording TB investigation data in the paper-based TB 

identification register, and the implementation period involved the facility health care workers 

recording TB investigation data in an electronic register while research staff recorded the data 

in paper-based TB investigation registers. The feasibility of using the mHealth application 

was assessed in the implementation period by comparing proportions of patients with 

complete personal details and documented results using mHealth application versus paper. TB 

indicators (turn-around time from sample collection to when a patient gets sputum results, 

time to TB treatment initiation and proportion on treatment within a specific period) were 

compared in the pre-implementation and implementation periods to assess the potential 

effectiveness of the mHealth application. Qualitative interviews were conducted to assess the 

acceptability of the intervention. 

 

Results 

 

Amongst the 231 who died during the XTEND trial, caregivers of 137 decedents were 

interviewed as part of the study on causes of death. Of the 137 deceased, 76 (55.4%) were 

males, median age was 41 years (interquartile range [IQR] 33-50 years). PCVA assigned 70 

(51.1%) deaths to TB; 21(15.3%) to HIV and 46 (33.5%) to other CoD. InterVA 4.3 software 

assigned 48 (35.0%) deaths to TB, 49 (35.7%) to HIV and 40 (29.1%) to other CoD. Delays 

in accessing health-care, treatment delay and clinic organisation were perceived to challenge 

the health-seeking journey of decedents. 

 

Amongst 562 participants enrolled in the case manager study, 307(54.6%) were females with 

a median age 36 years (IQR 29-44). A total of 189/562 (33.6%) participants needed linkage to 

care: 132 needed only HIV care, 35 needed TB treatment initiation only, 22 needed both HIV 

care and TB treatment initiation. Of the 57 participants who needed TB treatment, 53 (93%) 

were initiated on treatment. By the end of three months follow-up, 40 participants (29/132 

[22%] needing HIV care, 4/35 [11.4%] needing TB treatment and 7/ 22 [31.8%] needing HIV 

linkage to care and TB treatment initiation) had not linked to care. Patient (fear and 

competing priorities) and health system (poor implementation of updated TB and HIV 

management guidelines as well as the way facilities booked patients for ART initiation) 
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related factors were highlighted as barriers to HIV linkage. Patients’ ill-health and clinic 

experience were the main facilitators of initiating TB treatment. 

 

In the mHealth study, 457 patients were recorded in the register during the pre-

implementation period (195 [42.7%] males, median age 34 years [IQR 28-40]). During 

implementation period, 319 patients were recorded in paper register and mHealth application 

(131 [41.1%] males, median age 32 years [IQR 27-38]). Implementation of the mHealth 

intervention in PHC facilities showed no difference in proportion with complete personal 

details: (mHealth 95% versus paper register 94.0%, [p=0.54]) and proportion with 

documented results: (mHealth 97.4% versus paper 97.8%, [p=0.8]). The intervention 

improved the proportion of patients with results available within 48 hours from sample 

collection, (pre-implementation 68.6% versus implementation period 96.8%; [p>0.001]) but 

did not improve time to TB treatment initiation (pre-implementation, median = 4 days 

interquartile range [IQR] 2-6; implementation median = 3 days IQR [2-5]; p=0.5). The 

delivery of results via text message did not infringe on patients’ privacy. 

 

Conclusion  

 

TB and HIV are leading CoDs amongst adults being investigated for TB in primary health 

care clinics in South Africa, as determined by VA. This points to the importance of integrated 

TB and HIV care and linkage into care for both diseases in this group. InterVA- 

underestimates TB associated deaths and needs to be refined to be able to include 

extrapulmonary TB as a CoD.   

Support interventions using lay workers as case managers to link adults undergoing TB 

investigation into HIV and TB care might help improve TB treatment initiation. However, 

this kind of support is not adequate to assist HIV positive patients’ to link into HIV care, 

showing the complexity of the HIV linkage to care process. Future support interventions to be 

piloted should address both patient and health system factors. 

Finally, mHealth applications could take the place of current paper-based TB care programme 

case-finding tools, and could substantially improve results turn-around time and management 

of TB within the programme. These applications may empower patients with direct receipt of 

TB results. Implementation of mHealth interventions to support and improve TB care has the 

potential to improve patient-level outcomes, and large-scale evaluations of these technologies 

are urgently required. Additionally, future interventions to improve TB treatment initiation 



ix 
 

need to focus on how to improve patients’ clinic experience and empower patients to seek 

care.   
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CHAPTER 1: BACKGROUND  
 

1.1 Introduction  

 

This section provides an overview of the global TB status, historical overview of TB and HIV 

epidemic in South Africa, TB as a public health problem in South Africa, the relationship 

between TB and HIV, as well as the barriers that exist along the TB and HIV care cascade. It 

also provides a justification for undertaking the postgraduate study.   

 

1.2 Global TB status  

 

The incidence of tuberculosis (TB) worldwide was estimated to be 10 million cases, and about 

1.7 billion people were estimated to have latent TB infection in 2017(1). The majority of these 

estimated number of cases occurred in regions of South-East Asia and Africa (1). The World 

Health Organization (WHO) has identified 30 countries that are considered to be high TB 

burden, and these countries were reported to have accounted for the majority of the estimated 

incident cases. Within these 30 high burden countries, six countries from Asia and two from 

Africa accounted for close to 70% of the total global incident cases (1). When looking at 

countries annual number of incident TB cases relative to population size, most (24) of the 30 

high burden countries had an incident rate of between 150-400 cases per 100 000 population 

(1). Only six countries, including South Africa, had an incident rate of above 500 cases per 

100 000 population (1). An estimated 9% of TB incidence (920 000 cases) occurred in people 

living with human immunodeficiency virus (HIV), most of which were in Africa, particularly 

Southern Africa (1).  

 

TB was ranked the tenth leading cause of death worldwide in 2017, with the majority of 

deaths occurring in Africa and South-East Asia (1). The estimated TB mortality rate amongst 

HIV negative people was 17 per 100 000 population and 21 per 100 000 population amongst 

HIV positive people. Countries in Southern Africa, including Lesotho, South Africa and 

Mozambique had the highest TB mortality rates of 206, 99 and 90 deaths per 100 000 

population, respectively (1).  

 

There were an estimated 558 000 incident cases of multidrug-resistant or rifampicin-resistant 

(MDR/RR-TB) with an estimated 3.5% occurring in new cases and 18% in previously treated 

cases (1). Although Europe had a relatively low overall TB incidence, it had higher 
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proportions of TB cases with RR or MDR/RR-TB compared to the other regions. An 

estimated 230 000 deaths were due to MDR/RR-TB in 2017. The WHO reported a 2.3% 

increase in the average proportion of MDR cases with extensively drug-resistant TB (XDR-

TB) in 2017 compared to 2016 (1).  

 

1.3 Historical overview of TB and HIV epidemic in South Africa  

 

Historically, TB in South Africa was driven by the mining industry from the late 1800s. 

Miners were living in hostels that were overcrowded and poorly ventilated. They also worked 

in poorly ventilated underground tunnels and interacted with other TB infected individuals. 

These living and working conditions promoted the transmission of the disease within the 

mining communities, and oscillating migration promoted the transmission of TB disease from 

miners to their communities (2). From that period on, TB incidence increased steadily until 

the 1990’s. Thereafter, it started to increase steeply due to the maturing HIV epidemic (3). 

The disease was then declared a public health emergency in the country in 2003, and a crisis 

management plan was launched to address it. It was previously believed that the TB epidemic 

in the country was driven by the mining industry. However, a recent modelling study suggests 

that gold miners who make up 1% of the South African population contributed to 4% of new 

infections in the country annually (4).  

 

The introduction of HIV in the country occurred in the 1980s, and the epidemic became 

established around the late 1990s. The government’s responses to combatting the disease have 

not been without challenges, as it started with a slow or no response period after the first 

democratic elections in 1994. The slow response period evolved into a period of denialism 

that HIV caused acquired immunodeficiency syndrome (AIDS) that continued from 1998 to 

2003. By 2004, the country’s policies eventually changed after pressure from civil society, 

and funding to help control the disease was allowed into the country. Antiretroviral therapy 

(ART) became available in the public sector in 2004, and by 2013 over two million people 

were on ART (5). By mid-2017, it was estimated that the HIV incidence rate was around 

0.9% and 7 million (12.6%) of  South Africans were living with HIV (6).   
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1.4 TB in South Africa  

 

In 2017, South Africa was amongst the 30 countries identified by the WHO as having a high 

burden of TB. It had the eighth highest TB incidence with an estimated 322 000 cases in 

2017, of which 193 000 cases were amongst HIV positive people. When accounting for 

population size, the country had the second-highest TB case notification rate of 567 per 100 

000 population (1). Apart from people living with HIV, other vulnerable populations that 

were at high risk of having TB in the country in 2017 were the elderly, incarcerated 

individuals, and children under five years with an estimated TB prevalence of between 190 to 

511 per 100 000 population in each risk group. Miners, migrants, and refugees, as well as 

health care workers, had an estimated prevalence of 1056 to 1470 per 100 000 population in 

each risk group. Lastly, communities living in informal settlements, diabetics, pregnant 

women and household contacts had an estimated prevalence of between 2703 to 3500 per 

100 000 population (7). The treatment success rate for new and relapse cases of drug-

susceptible TB for 2016 was 82% and 80% amongst HIV positive TB cases. Previously 

treated cases, excluding relapse cases, were reported to be 62% for 2016 (1). The country was 

also reported to be amongst the 30 high MDR-TB burden countries, with an incidence rate of 

25 per 100 000 population. An estimated 3.4% MDR/RR-TB cases were new, while 7.1% 

were previously treated TB cases. The treatment success rate for 2015 for MDR/RR-TB cases 

started on the second line regimen was 55% and 48% for XDR TB cases (1). TB mortality 

rate is also high, with 39 deaths per 100 000 population in HIV negative and 99 deaths per 

100 000 population in HIV positive people (1).  

 

At the provincial level in 2015, six of the nine provinces in the country had incidence rates of 

above 500 per 100 000 population (8). The Eastern Cape had an incidence rate of 692 per 100 

000 population; Kwa-Zulu Natal 685 per 100 000 population, Western Cape 681 per 100 000 

population, Northern Cape 645 cases per 100 000 population, Free State 545 per 100 000 

population and North West 528 per 100 000 population (8). Kwa-Zulu Natal and 

Mpumalanga had the highest TB rifampicin resistance rates with 8.3% and 8.6%, respectively 

(8). TB was a leading cause of death in six of the nine provinces, with proportions of 11.2% 

reported in Kwa Zulu Natal, 9.8% in Mpumalanga, 9.0% in Eastern Cape, 8.9% in North 

West, 8.4% in Free State and 7.4% in Limpopo. Gauteng province, Mpumalanga, and Kwa-

Zulu Natal had the highest proportions of TB patients living with HIV at 68.4%, 68.1% and 

63.6%, respectively (8).   
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1.5 The relationship between HIV and TB   

 

TB infection occurs when a person harbours mycobacterium tuberculosis in the lungs, and 

latent TB infection (LTBI) is defined as a state when a person is infected but is not presenting 

with symptoms of TB disease because the bacteria are in a dormant state (9, 10). A person 

may progress from LTBI to active TB disease, at which point they present with signs and 

symptoms of the disease and can transmit to susceptible hosts (9). Though treatment is 

available for active TB disease, recurrent TB disease may occur when a person who was 

previously treated for TB, declared cured or completed their treatment falls ill with a new 

episode of TB either due to reinfection or relapse (11). TB relapse is the reactivation of an 

original strain, while reinfection is an infection of a new strain of Mycobacterium 

Tuberculosis (MTB) bacilli in an individual (12).   

 

HIV infection in an individual leads to progressive immunosuppression and increased 

susceptibility to infections (13, 14). Infection with TB in these individuals also accelerates the 

progression to immunosuppression (13, 14). HIV increases the risk of rapid progression to TB 

disease after primary infection or reactivation of LTBI and recurrence of TB disease. The 

presence of HIV in an individual who has latent TB infection also increases the risk of 

progression of TB disease (15, 16). The risk of developing TB disease also doubles in the first 

year post-HIV infection (17). The annual risk of developing TB disease after TB infection in 

people living with HIV ranges between 5 to 15% compared to a lifetime risk of between 5 to 

10% amongst HIV negative individuals (18). HIV positive patients also have a higher risk of 

having recurrent TB disease due to reinfection (19, 20). Although TB relapse is reported to be 

rare amongst HIV positive patients, TB relapse rate was reported to be 5% amongst severely 

immunocompromised HIV positive people who withdraw their TB treatment compared to 

0.4% in HIV negative patients (13). TB increases the risk of AIDS-related deaths, while 

having HIV is a risk factor for developing TB disease (14, 20).  

 

HIV infection modifies the clinical presentation of TB, and this varies with the extent of 

immunosuppression making it more challenging to diagnose and treat (13). The presentation 

of TB disease in people living with HIV may be different from that in HIV uninfected 

individuals as classic symptoms such as fever, weight loss, night sweats, haemoptysis, and 

cough may be atypical, few or not present (20, 21). Following recommendations by WHO, the 

TB screening tool has been modified for PLHIV such that if they present with any of the four 

symptoms; cough of any duration, fever, weight-loss and night sweats, they are presumed to 
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have TB and are eligible for further investigations to confirm active disease. People with HIV 

presenting with current cough are suspected of having TB compared to a cough lasting longer 

than two weeks in HIV negatives (22, 23). People living with HIV have a shorter mean 

duration of TB infectiousness, defined as smear positivity, compared to HIV negative 

patients, although this is dependent on whether they are in care and are diagnosed rapidly 

(24). 

 

For many years, smear-microscopy has been used as a first-line diagnostic tool for TB. 

However, the use of smear-microscopy alone in the diagnosis of TB in HIV positive patients 

is more challenging as most patients present with smear-negative disease because such 

individuals are likely to have paucibacillary disease with the majority having extra-pulmonary 

TB (25, 26). In severely immunocompromised patients, the disease may present as both 

pulmonary and extra-pulmonary TB disease (20). The ability of chest X-ray (CXR) to screen 

or diagnose TB in people co-infected with HIV also presents challenges as it is largely 

dependent on HIV disease staging, which in turn affects the presentation of TB disease (21). 

In patients with high CD4 count, CXR has the classical findings of upper lobe disease, 

cavitation, or pulmonary fibrosis. However, in severely immunosuppressed patients, CXR has 

atypical findings (21). All these challenges result in delayed diagnosis leading to continuous 

transmission and delays in initiating treatment in these individuals, producing poor outcomes 

in those co-infected with HIV (13, 27). 

 

1.6 TB and HIV management policy changes in South Africa   

 

In 2011, South Africa started using a rapid and sensitive test called Xpert MTB/RIF as a first-

line diagnostic tool for TB investigation (28). Challenges in diagnosing TB in HIV positive 

individuals persisted as the sensitivity of the test was 60% in smear-negative patients (29). To 

address this challenge, an Xpert algorithm was developed to guide health care workers in the 

management of patients undergoing TB investigation. The algorithm recommended that if an 

initial Xpert MTB/RIF test result of an HIV positive patient is negative, an additional sample 

should be taken for culture, and a chest X-ray should also be done. Additionally, the patient 

should be given antibiotics and reviewed after five days (30). 

 

Over the years, the timing of when to initiate ART after TB diagnosis has also needed to be 

modified. By 2006, uncertainties of when to start ART in HIV positive patients with a 

confirmed diagnosis of TB still persisted. These uncertainties were driven by fears related to 
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drug toxicity, pill burden, and need to avoid paradoxical immune reconstitution inflammatory 

syndrome (IRIS) in these patients. During that period, WHO recommended that ART be given 

to HIV positive patients with extra-pulmonary TB (EPTB) as well as those with pulmonary 

TB (PTB) and a CD4 <350 cells/mm3. The initiation of ART in those with a CD4 count above 

350 cells/mm3 was deferred to after completion of TB treatment. ART initiation was also only 

prioritised for patients with a CD4 <200 cells/mm3 (31). A South African trial (SAPiT) 

conducted in 2008 amongst HIV and TB positive patients, showed that initiation of ART 

during the course of TB treatment improved survival in this population (32). Following the 

SAPIT trial, WHO changed the recommendations so that all HIV positive TB patients be 

started on ART regardless of the CD4 count. It also recommended that ART be started in HIV 

positive patients with a CD4 count <350 cells/mm3 (33). However, in 2009 the South African 

government updated TB management guidelines and recommended that ART  be provided 

only to HIV positive TB patients with CD4 count <200 cells/mm3 and that ART should be 

deferred after completion of treatment for those who have a CD4 >200 cells/mm3 (34). Only 

in 2013 did the country’s guidelines change to recommend that ART be provided to all HIV 

positive TB patients regardless of the CD4 count; this was incorporated into the 2014 national 

TB management guidelines (30).  

 

1.7 Mortality in those undergoing TB investigation 

  

An individual is regarded as having symptoms suggestive of TB if they have any of four 

symptoms including; a cough for more than two weeks, fever, night sweats, unintentional 

weight loss or haemoptysis (22). Around 35.2% of primary health clinic attendees in South 

Africa come to the clinic because they have symptoms suggestive of TB (35). Even though 

people are attending health facilities to seek care in South Africa, it is estimated that 13% of 

TB cases are lost at the point of providing sputum for TB testing and getting a diagnosis (36). 

A high HIV prevalence has also been reported in this group, ranging between 34.6% and 62% 

(37-41). 

 

High mortality in adults having symptoms suggestive of TB in community and health care 

facilities has also been reported. In sub-Saharan African countries, mortality at 12 months 

from the time of TB investigation is between 4.1% and 11.6% (37, 38). Even with the 

availability of the newer more rapid and sensitive diagnostic tools such as Xpert MTB/RIF, 

sub-Saharan African mortality of around 4.0% to 11.0% has been reported at six months from 

the time patients present at health care facilities with symptoms suggestive of TB (39, 40, 42). 
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Risk factors for mortality in this population include lower body mass index (BMI), an 

increasing number of TB symptoms, and people not knowing their HIV status. In people 

living with HIV, not knowing one’s CD4 count, having a low CD4 count, not being on ART, 

and not receiving antibiotics were associated with mortality (39, 40, 42). 

 

Furthermore, one post mortem study has shown that 31.8% of people with TB had died before 

a diagnosis was made (43). Other post mortem studies show that infectious and undiagnosed 

TB at the time of death ranged between 31.8% to 42.0% amongst those dying in hospitals and 

those dying at home (43, 44). A similar high prevalence of infectious and undiagnosed TB, 

ranging from 13.4% to 84.6%, has also been reported among hospitalised decedents in other 

low-and middle-income countries (LMIC) (45-47), suggesting the presence of barriers along 

the TB care cascade.  

 

1.8 Mortality in people with TB disease on TB treatment 

 

Mortality in those on TB treatment is also high. Post mortem studies in LMIC countries 

including South Africa, conducted in hospitals amongst people on TB treatment, the majority 

of whom were HIV positive, reported that TB was a leading cause of death ranging from 27% 

to 68% (48-50). However, TB is not always the leading cause of death in TB patients living 

with HIV. A South African study conducted in people living with HIV but who died at home 

and in communities, showed 68% had pathogenic bacterial infections, 47% had TB and 12% 

cryptococcal disease (51). In a study conducted in Brazil amongst TB patients living with 

HIV, the leading cause of death in this population was an invasive bacterial disease (46.9%) 

(52). In another study done in China amongst those on TB treatment, TB was the third leading 

cause of death contributing to 17% of deaths, while cancer contributed 19.5% of deaths and 

respiratory system diseases 36.4% of deaths (53). 

 

Risk factors for death in this group are previous TB, unknown HIV status, being HIV positive 

and not on ART, lower CD4 count, and diagnostic uncertainty (52, 54, 55). 
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1.9 Barriers along the TB care cascade  

 

The pathway of TB diagnosis and care starts with the onset of TB symptoms, leading to 

presentation at the health care facility, symptom screen, further investigations with laboratory-

based tests and treatment initiation with the final step being TB cured or treatment completed. 

Along this pathway, patients can be lost, or delays could be incurred at each step. These areas 

can be categorised into: 1) non-initiation of care-seeking; 2) non-identification of patient as a 

tuberculosis patient; 3) loss to follow-up during the diagnostic process; 4) pre-treatment loss 

to follow-up, and 5) loss to follow-up while on treatment (Figure 1) (56, 57). 
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Figure 1: Description of TB care pathway from MacPherson et al. 2013. 
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Delayed TB diagnosis results in delayed TB treatment initiation, promoting ongoing TB 

transmission  which results in poor treatment outcomes (58). Delays in diagnosis could be due 

to a patient presenting late for care or health system-related delays or both (59). In sub-

Saharan Africa, patients presenting late for care were more likely to: have low levels of 

education; lack awareness of causes and transmissions of TB; believe themselves at low risk 

for contracting TB infection; live more than 5km from a health care facility, first seek care at 

religious, traditional and private practitioners; self-medicate; have traditional and cultural 

beliefs about the source of illness; fear stigma and discrimination associated with TB (60-65). 

Health system factors associated with delayed diagnosis were: providers degree of suspicion 

for TB, patients having multiple visits to a health facility before the diagnosis of TB, medical 

expenditure of TB related symptoms, non-satisfaction with service received by health 

providers, lost results and long turn-around time for obtaining results (64, 66-70), (57). 

  

Pre-treatment loss to follow-up, defined as not starting on TB treatment after a diagnosis is 

made, ranges between 8-25% in some of the sub-Saharan countries, including South Africa 

(39, 40, 68, 71-73). Some barriers to starting TB treatment in South Africa were: patients not 

feeling well enough to return to the clinic; clinic appointments conflicting with work 

commitments; transport and distance challenges in accessing health facilities; desire to 

continue drinking and smoking (74). Another patient-related factor reported in a systematic 

review was lack of TB knowledge, while health system-related factors included: repeated 

health facility visits, delays in receiving results, and dissatisfaction with facility waiting times 

(56).  

 

Loss to follow-up on TB treatment occurs when a TB patient has been started on TB 

treatment, but their treatment is interrupted for 2 consecutive months or more (11). Treatment 

interruption has been associated with structural, social, health service, and personal factors. 

These four factors have been shown to be equally important and interact, therefore affecting 

patients' adherence to treatment (75). Structural factors include poverty and financial burden 

of having TB (75, 76), while social factors include lack of support from family and 

community as well as fear of stigma (76, 77). Health service factors include the distance of 

health facility from patients’ home, waiting period in the facility, patients’ relationship with 

the health provider and patients’ ability to communicate with providers about side effects 

experienced or providers asking about side effects of taking medication (75, 78). Personal 

factors include alcohol and tobacco use by patients, pill burden and patients knowledge of TB 

disease (75-77). 
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1.10 Barriers along the HIV care cascade 

 

Despite the high HIV prevalence reported amongst those undergoing TB investigation (37-

41), linkage into HIV care in this group was low (40, 79), a finding that might be linked to 

existing barriers along the HIV care cascade.   

 

Prior to 2016, the HIV care cascade consisted of three stages: 1) HIV testing, 2) retention in 

pre-ART care until treatment initiation, and 3) retention on ART. Stage 1 involved getting a 

test for HIV and, if positive getting a CD4 count test done. Stage 2 was the period between 

enrolment into care, ART eligibility assessment, and the period until the patient met the ART 

eligibility criteria for initiating ART. Stage 3 involved patients retained in care after ART 

initiation (80). Attritions that could occur along this pathway included: individuals not 

enrolled in care after testing HIV positive, individuals lost from care before initiation on 

ART, and individuals lost from care after initiating ART (Figure 2) (80). A systematic review 

of studies in sub-Saharan Africa showed that 61.0% of individuals living with HIV did not 

know their HIV status; 43.0% of recently diagnosed HIV positive individuals did not 

complete an assessment for ART eligibility; 34.0% of those who were ART eligible did not 

start treatment, and only 35.0% of those initiated on ART were retained on ART (80). The 

recent changes in the HIV treatment guidelines where everyone who tests HIV positive should 

be initiated on treatment (81), have made the pre-ART stage obsolete. 
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Figure 2: Description of HIV care pathway from Kranzer K et al. 2012.
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1.11. Justification for undertaking this postgraduate research 

 

The South African national strategic plan (NSP) for responding to HIV, TB, and sexually 

transmitted infections (STIs) has eight goals (82). The first goal seeks to accelerate prevention 

interventions to ensure the reduction of new HIV and TB infections as well as STIs. The 

second goal seeks to provide treatment, care and adherence support for all patients with HIV, 

TB, and STIs to reduce morbidity and mortality (82). These two goals also support the STOP 

TB targets of reaching 90% of everyone with TB and placing them on appropriate treatment. 

The NSP goals also subscribe to the UNAIDS treatment targets of ensuring that 90% of HIV 

positive patients know their status and 90% of these patients are on TB treatment (83). The 

work in this thesis contributes to these two NSP goals.  

 

This thesis was based on work done amongst adults being investigated for TB. There is high 

mortality in those undergoing investigations for TB and those with infectious undiagnosed 

TB. The Xpert for TB-Evaluating a New Diagnostic (XTEND) study, implemented in 2012-

2013, examined the trajectory that adults being investigated for TB undergo when seeking 

care in South African PHC facilities. The study reported not only high early mortality but an 

increased risk of death among HIV positive participants and those with an unknown HIV 

status (40). Understanding the causes of death in patients being investigated for TB is needed 

to help identify effective interventions to reduce mortality. There is currently limited data 

available in South Africa on causes of death in patients being investigated for TB in PHC 

facilities.  

 

Existing challenges of diagnosing TB in PHC facilities were shown to be lengthy laboratory 

turn-around time and loss of laboratory results at clinics before being communicated to 

patients, (68) resulting in patients not starting on appropriate treatment timeously (pre-

treatment loss to follow-up). Similarly, the XTEND study showed that though the use of 

Xpert MTB/RIF to investigate TB increased the proportion of patients with a positive TB test, 

this did not result in an increase in the proportion of patients starting TB treatment (40). The 

results suggested a gap in the South African health care system in supporting patients who are 

being investigated for TB to receive their test results on time and start appropriate treatment. 

Mobile Health (mHealth) interventions have been used in HIV and sexually transmitted 

infections (STI) management to communicate results via short message service (SMS) to 
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clinics and patients (84, 85). Case manager interventions to identify and address patients’ 

needs, reduce barriers to accessing care, and encourage contact with health professionals at 

clinics, have been piloted. The intervention improved linkage to HIV care in patients that 

were supported through their health-seeking journey compared to those not supported (86, 

87). Neither the mHealth intervention to relay results directly to patients nor the case manager 

intervention have been evaluated amongst adults being investigated for TB in South Africa. 

 

WHO strategic priorities for TB are to achieve universal access to TB prevention, treatment, 

and care services (1). Furthermore, the South African NSP plans to reduce pre-treatment loss 

to follow-up rates in order to successfully treat 90% of those diagnosed with TB, and to 

ensure that 90% of all HIV positive patients are initiated on ART. These targets were adopted 

from the UNAIDS report (83).  

 

This thesis will add to limited information on causes of death amongst people undergoing TB 

investigations in South Africa. It will further contribute to knowledge by piloting and 

evaluating the use of a case management strategy and mHealth application in supporting 

patients to initiate on TB treatment, so reducing pre-treatment loss to follow–up, and linking 

these patients into HIV care.  

 

1.12 Research question  

 

What are adults undergoing TB investigations dying from, and what interventions could be 

implemented to help reduce mortality? 

 

1.13 Hypotheses  

 

Amongst adults with symptoms suggestive of TB and who are undergoing TB investigations 

at primary health care facilities in South Africa:  

1. TB is a leading cause of death, among people being investigated for TB 

2. Support provided by a lay worker case manager to link into HIV care and initiate on 

TB treatment is feasible and acceptable to patients. 

3. Those who receive their positive sputum test results via text messages will start on TB 

treatment sooner compared to those who return to the clinic to access their results. 
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1.14 Thesis Aim 

 

To establish causes of death and pilot primary health care strategies to improve linkage to 

HIV care and initiation into TB treatment in adults being investigated for TB.  

 

1.15 Thesis Objectives 

 

1. To describe cause-specific mortality in a cohort of adults being investigated for TB 

using verbal autopsy. 

2.  To determine the feasibility and acceptability of a case-manager strategy to improve 

linkage to TB treatment and HIV care for adults being investigated for TB in primary 

health care facilities. 

3.  To explore the barriers and facilitators of TB treatment initiation and linkage to HIV 

care in primary health care facilities. 

4. To assess the feasibility and acceptability of using an mHealth application to improve 

case identification and treatment initiation in adults being investigated for TB in 

primary health care facilities. 
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Table 1: Relationship between thesis objectives, the 3 studies and the 4 papers 

 Studies 

 Verbal Autopsy 

(nested in 

XTEND trial) 

Case manager study mHealth study 

Objectives  Papers  

I 

Cause-specific 

mortality using 

Verbal 

Autopsy 

(Appendix B) 

II 

Case manager 

intervention 

 - Quantitative 

study 

(Appendix B)  

III 

Case manager 

intervention      

- Qualitative 

study  

(Appendix B)  

IV 

mHealth 

application 

-Quantitative  

-Qualitative 

(Appendix B)   

To describe cause-specific 

mortality in a cohort of adults 

being investigated for TB using 

verbal autopsy 

(Objective 1) 

 

 

X 

   

To determine the feasibility and 

acceptability of a case manager 

strategy to improve linkage to 

TB treatment and HIV care for 

adults being investigated for TB 

in primary health care facilities. 

(Objective 2) 

  

 

 

X 

 

 

 

To explore the barriers and 

facilitators of TB treatment 

initiation and linkage to HIV 

care in primary health care 

facilities. 

(Objective 3) 

   

 

X 

 

To assess the feasibility and 

acceptability of using an 

mHealth application to improve 

case identification and treatment 

initiation in adults being 

investigated for TB in primary 

health care facilities. (Objective 

4) 

  

 

 

 

 

 

 

X 
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CHAPTER 2: LITERATURE REVIEW 
  

This section provides a literature review on how deaths are counted and types of 

methodologies for determining causes of death, strategies that are currently used to reduce TB 

morbidity and mortality, and strategies to improve linkage to HIV care as well as TB 

treatment initiation. The framework for this thesis is also presented. 

 

2.1 Counting deaths  

 

Keeping a record of which diseases cause most deaths in a population is crucial for a 

country’s health department. This data assists governments to: monitor the burden of disease 

and plan for service provision, as well as distribute resources based on this evidence in order 

to have the greatest possible impact on improving people’s lives. South Africa has a civil 

registration and vital statistics system. The United Nations defines civil registration as the 

continuous, permanent, compulsory recording of the occurrences and attributes of vital 

statistics pertaining to a country. A major advantage is that it is a legal requirement, and it 

provides legal documents for people to use, however, the system has incomplete data (88). In 

the South African context, which has a high HIV prevalence, the system underreports HIV-

associated deaths (89, 90). 

 

 2.2 Determining causes of death 

 

2.2.1 Pathological autopsy  

 

The most accurate way of determining causes of death in individuals is by conducting a 

pathological autopsy. This process can be minimally invasive where samples of organs are 

collected from a deceased individual and then tested for disease or invasive where there is 

removal of whole organs from a deceased body. Not only does pathological autopsy allow the 

determination of CoD from tissue samples, it also enables the creation of a tissue sample 

repository for use in future research (91). However, performing pathological autopsy is 

limited by the costs as it requires medically trained staff, specialised laboratories with well-

equipped storage facilities, and transportation of the corpse (91). Another limitation of 

pathological autopsy is the low rate of consenting from family members (91). A qualitative 

study reported that socio-cultural factors influencing consenting for autopsy were gendered 
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power relations, traditional and religious beliefs, and communication and trust. However, the 

study did not report on which of these three factors was more important than the rest (92). 

 

2.2.2 Prevalence of TB related mortality using pathological autopsy  

   

Studies performing pathological autopsies have been done in HIV positive and TB positive 

patients to understand the broad spectrum of disease present at the time of death. A study 

using minimally invasive autopsy in HIV positive patients with advanced HIV disease from 

primary health care clinics, showed 47.0% of the population had TB at time of death, and 

38.0% of those with TB had not been initiated on TB treatment prior to death (51). Amongst 

adults with TB disease who were also HIV infected, pulmonary TB (68.0%), disseminated TB 

(60.0%) and bacterial pneumonia (26.0%) were among the leading CoD (49). South African 

studies using non-invasive autopsies and chart reviews to determine CoD amongst HIV 

positive patients on ART dying in hospital have shown that TB deaths ranged from 18.0-

33.0% (93, 94). Another study using invasive autopsy amongst hospitalised HIV positive 

patients reported post mortem tuberculosis to be 38.0% (95). Studies amongst hospitalised 

patients who were mostly HIV positive in other LMICs, reported the leading cause of death 

determined by invasive or non-invasive autopsy and chart reviews to be TB, ranging from 

(28.4% -58.0%) (48, 96-100). 

 

 

2.2.3 Using chart reviews to determine the cause of death 

 

As it is not always possible to perform pathological autopsies, if a death occurs in a medical 

facility, chart reviews can be done to determine the causes of death. The advantage of chart 

reviews is that it is inexpensive, while the major disadvantage is that records might lack 

important data (101). Studies using this methodology in LMICs amongst HIV positive 

patients have also reported high TB-related mortality of between 6.6%-21.0% (102-104).  
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2.2.4 Verbal autopsy 

 

An alternative method to ascertain the cause of death if a pathological autopsy cannot be 

performed or a death did not occur in a health facility is by conducting a verbal autopsy (VA). 

This method is used in settings where civil registration and vital statistics coverage is 

inadequate, and people are dying at home, situations that still prevail in LMICs. Verbal 

autopsy is used to determine causes of death based on interviews with carers of deceased 

patients at the time of death, using a World Health Organization (WHO) standardised VA 

tool. The tool extracts information about the deceased’s signs, symptoms, and medical 

circumstances preceding death (105). The advantages of VA are that it describes the cause of 

death profile in a population, it is reproducible, does not require handling of a corpse and 

specialised medical staff (91). The disadvantages are that VA is not designed to determine the 

cause of death for individuals as cause-specific mortality fractions are determined using total 

population. The diagnostic specificity of this approach depends on the prevalence of the 

disease in a population, age of the deceased and their gender, and is dependent on the skill of 

the interviewer to extract data from the respondents, ability and willingness of respondent to 

recall events, as well as time from death to the date of interview (91). 

 

The verbal autopsy questionnaire comprises of closed questions with “yes”, “no” or “do not 

know” responses and an open narrative section. Interviewers, usually lay workers, administer 

the questionnaire to caregivers of the deceased. The caregiver gives a detailed account of the 

signs, symptoms, medical history of the deceased, and circumstances leading to their death 

(105). 

 

The most widely used method for interpretation of VA data is physician-certified verbal 

autopsy (PCVA). PCVA involves physicians reviewing each interview and assigning causes 

of death according to the International Classification of Diseases, Tenth Revision (ICD-10) 

(106), (107). Disadvantages of using PCVA to assign causes of death are that the process is 

time-consuming and expensive in terms of physician remuneration, inter-and intra-observer 

variability amongst physicians is a problem as it depends on their training, experience and 

perception of local disease epidemiology, and repeatability of the process may be difficult to 

achieve (107). To overcome these challenges, computer-coded verbal autopsy (CCVA) 

methods were developed that use algorithms or Bayesian probabilities to assign cause of 

death. Methods using Bayesian probabilistic theory include interpreting verbal autopsy 

software (InterVA), which is expert-driven and generates up to three likely CoD (108-110). 
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Other CCVA methods include: Tariff (111), InSilicoVA (112), SmartVA (113), random forest 

(114), King-Lu (115), Simplified Symptom Pattern (116).   

 

Validation of VA to determine CoD compared to hospital diagnoses as a reference showed 

that VA has a sensitivity of 89%, specificity 93%, and positive predictive value of 76% when 

assigning communicable diseases (117). A systematic review of data from LMIC assessing 

the performance of PCVA and five CCVA methods (tariff, InterVA, random forest, King-Lu 

and Simplified Symptom Pattern) with hospital based-deaths as a reference standard, reported 

that PCVA had a consistently higher specificity versus hospital assigned CoD (106). Data 

from five African countries validating the use of InterVA for measuring HIV/AIDS mortality 

showed that InterVA had a specificity of 90.1% (95% CI 88.7-91.4%) in identifying 

HIV/AIDS-related deaths (118). When comparing the interpretation of VA data using PCVA 

and InterVA in Africa and Asia, the overall concordance correlation coefficient (CCC) 

between the two methods was 0.83 (95% CI 0.75-0.91). The CCC improved to 0.97 (95% CI 

0.96 -0.99) when PTB deaths and HIV/AIDS deaths were combined as a single cause (119). 

 

Longitudinal studies in sub-Saharan Africa, using VA to ascertain CoDs in adults and 

adolescents in health and demographic surveillance system sites (HDSS) from data collected 

over one to four year periods, have shown that TB and HIV were leading CoD ranging from 

9.4%-19.7% when using PCVA (120-123). Other studies interpreting VA data using InterVA 

in adults showed that TB attributed between 6.4% and 26.9% of deaths from data collected 

over two to 10 year periods (124, 125). 

  

2.3 Strategies to reduce TB morbidity and mortality 

  

WHO has been leading the fight against TB since 1993, launching strategies such as the 

DOTS in 1995, STOP TB in 2006, and END TB in 2015 in response to the epidemic. The 

END TB strategy includes TB prevention, care and control targets beyond 2015. The targets 

for 2035 are to reduce the 2015 projected 1.3 million TB deaths by 95% and reduce the 2015 

projected 110 per 100 000 population TB incidence rate by 90% (126). The strategy 

comprises three pillars: 1) integrated, patient-centred care and prevention, 2) bold policies and 

supportive documents, and 3) intensified research and innovation. To achieve integrated, 

patient-centred care and prevention, four components need to be addressed: a) early diagnosis 

of TB and systematic screening of contacts, b) treatment of all people with TB and patient 
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support, c) collaborative TB/HIV activities and management of comorbidities, and d) 

preventive treatment of persons at high risk and vaccination against TB  (126).  

The current South African NSP for STIs, HIV, and TB aims to implement the 90-90-90 

strategy for TB, adopted from the Stop TB partnership’s Global TB Plan. The strategy entails 

finding 90% of all those with TB and initiating them on TB treatment, finding 90% of TB 

cases in key populations and starting them on appropriate treatment, and lastly successfully 

treating at least 90% of those diagnosed with drug-susceptible TB and 75% of those with 

drug-resistant TB (127).  

 

2.3.1 Finding TB 

 

Screening for TB  

 

Currently, the initial step in finding active TB is screening patients for symptoms suggestive 

of TB. WHO defines systematic TB screening as the identification of people with suspected 

active TB in a predetermined target group, using tests, examinations or other procedures that 

can be applied rapidly (22). This process initially involves a symptom screen asking a patient 

if they have any of four symptoms including; a cough for more than two weeks or current 

cough in HIV positives, fever, night sweats, unintentional weight loss, or haemoptysis. The 

presence of any one of these four symptoms suggests a possibility of active TB and requires 

that further diagnostic tests be conducted. WHO recommends that anyone presenting at health 

facilities for TB screening should be offered an HIV test. In people living with HIV, it is 

recommended that screening for active TB should be done at each of their visits to a health 

facility (22). However, the performance of this four-screening rule in excluding TB amongst 

people living with HIV that are on ART has not been good. A systematic and meta-analysis 

assessing the sensitivity and specificity of the WHO four-symptom screening rule among 

people living with HIV found that it had a lower sensitivity amongst people on ART (51% , 

95% CI 28.4-73.2) compared to ART naïve patients (89.4%,95% CI 83.0-93.5). The 

specificity of the screening rule was higher for those on ART (70.7%, 95% CI 47.8-86.4%) 

compared to those ART naïve patients (28.1%, 18.6%-40.1%) (128). 

 

Diagnostic tools 

 

Once an individual is suspected of having TB, a number of diagnostic tests can be done. For 

over 100 years, smear microscopy has been used to detect Mycobacterium tuberculosis. 
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Smear microscopy is cheap and has a relatively fast turnaround time, but the sensitivity of 

acid-fast bacilli (AFB) detection is low as the test requires 5000 - 10 000 organisms/ml of 

sputum to be positive (129). The sensitivity is further reduced in persons co-infected with 

HIV as these patients often release fewer numbers of organisms in sputum. Sputum culture 

test, which has traditionally been done on solid media such as Lӧwestein Jensen is more 

sensitive than smear, requires fewer bacilli per ml (10 -100) and is able to test for drug 

susceptibility. However, it has the disadvantage of requiring 2 - 6 weeks to grow the 

organisms (129). Radiological methods such as chest X-rays are also used to diagnose TB. 

The process is fast and has high sensitivity in HIV negatives (129). However, chest X-rays 

require specialised equipment and skilled physicians to interpret them, are non-specific to TB 

when used alone as a diagnostic tool and are unreliable in settings with HIV (129). The need 

to reduce TB-related morbidity and mortality has led to the development of new diagnostics 

tools that are more sensitive and rapid. 

 

Over the past 20 years, WHO has endorsed the use of several new tools, which include 1) 

liquid culture with rapid speciation as the reference standard for bacteriological confirmation 

and 2) nucleic acid amplification tests. Liquid culture, mycobacterial growth indicator tubes 

(MGIT) have a shorter time to positivity but are more likely to be contaminated (130, 131). 

Nucleic acid amplification tests such as line probe assay and Xpert MTB/RIF increase DNA 

and RNA segments to rapidly identify the microorganisms in a specimen and can detect MTB 

within hours (129). Xpert MTB/RIF assay is currently used as a first-line diagnostic tool for 

TB in South Africa. Xpert MTB/RIF is a fully automated, cartridge-based, nucleic acid 

amplification test for rapid detection of MTB and rifampicin resistance with the results 

available in two hours (132). The test’s sensitivity ranges from 70.0% to 100% in culture-

positive disease and 60% in smear negatives. Specificity ranged from 91.0% to 100% (29). In 

HIV positive patients enrolling on antiretroviral therapy (ART), case detection increased by 

45.0% with a sensitivity of 73.0%, compared to the 28.0% in microscopy (133). However, 

Xpert MTB/RIF assay is not good as an early sputum biomarker of monitoring response to 

TB treatment. A study showed that 27% of microbiologically cured patients after 6 months 

treatment were still Xpert positive, compared to 3% Lowenstein-Jensen and 4% MGIT 

cultures(134). The test is also more likely to generate false-positive results in patients being 

retreated for TB compared to those being treated for the first time, with a previous study 

reporting Xpert positive being 14% in retreatment cases and 8% in new cases (135). This is 

due to Xpert detecting the presence of non-viable mycobacterium bacilli. A new generation of 

Xpert called the Xpert MTB/RIF Ultra assay showed an additional sensitivity of 5.0% 
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compared to its predecessor. The greatest gains in sensitivity were amongst HIV positive 

patients and smear negative culture positive patients (136). This tool is currently being rolled 

out in South Africa. 

 

 

Contact tracing 

 

Contact tracing is done to enable people who have been exposed to potentially infectious 

cases of TB to undergo screening for TB disease. This process ensures that people who are at 

an increased risk of acquiring TB would be provided with preventive therapy or started on TB 

treatment if they have active TB. South Africa requires that contact tracing for all households 

or close contacts of an index case be conducted as recommended by WHO. An index case is 

defined as anyone who had smear–positive pulmonary TB, multi-drug resistant TB, and is 

living with an HIV positive person or a child under five years of age (137). The 

recommendation was made as a result of a systematic review and meta-analysis showing a TB 

prevalence of 3.1% (95% CI 2.2-4.4%) amongst household contacts, microbiologically 

proven TB of 1.2% (95% CI 0.9-1.8%) and latent infection of 51.5% (95% CI 47.1-55.8%) 

(138).  

 

2.3.2 Treating TB  

 

Drug susceptible TB treatment 

 

Anti-TB treatment is provided with the aim of curing TB in patients, decreasing TB 

transmission to others, and preventing deaths from TB or complications linked to having TB. 

The drugs that are currently used in treating drug-susceptible TB, are rifampicin, isoniazid, 

pyrazinamide, ethambutol and streptomycin. TB treatment is taken over a period of six 

months with two months intensive phase and four months continuation phase. Currently, the 

South African National Department of Health (NDOH) requires that anyone with susceptible 

TB be started within two days of diagnosis. However, there is no published data on how often 

this occurs (30).   

 

Treating TB in HIV positive people 

 

Initiation of TB treatment in TB patients living with HIV cannot be done in isolation of ART 

as ART plays an important part in reducing mortality in this group (139, 140). The current TB 

management guidelines recommend that if an HIV positive person develops TB while they 
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are already on ART, they should continue taking their ART and should be initiated on TB 

treatment (30). For those HIV positive patients who get diagnosed with TB before starting on 

ART, their CD4 count is an important measure of when they start taking ART after initiating 

TB treatment. Patients with CD4 < 50 cells/mm3 should be started on ART within 2 weeks of 

starting TB treatment and those with CD4 count ≥ 50 cells/mm3 within 2-8 weeks after 

starting TB treatment. These guidelines on the timing of ART initiation in this population 

were produced as an effort to reduce the development of TB-IRIS and death (30, 141-143). 

 

2.3.3 Prevention of TB disease  

 

Vaccination 

  

Bacilli Calmette Guerin (BCG) is the only TB vaccine available for use to prevent TB. BCG 

has efficacy of between 0-80% and offers protection against death, TB meningitis and 

disseminated TB when given after birth (144, 145).  BCG is given to all children except those 

with signs of AIDS, living in countries with high TB prevalence. Although BCG prevents TB 

disease in children, its protective effect seems to wane with time and therefore, does not 

prevent the development of TB in adulthood. Recently, an ongoing phase 2b trial showed that 

M72/AS01E vaccine provided 54% protection against active TB disease in adults infected 

with MTB (146).  

 

HIV diagnosis and treatment 

 

HIV prevention is important for TB control. Regular testing for HIV leads to early diagnosis 

of HIV and early ART initiation in those who have tested HIV positive. Early ART initiation 

leads to a decreased risk of developing AIDS-related illnesses and reduces the risk of MTB 

infection and active TB. Receiving an HIV negative test result for those testing for HIV might 

lead to behavioural change and uptake of precautionary measures such as consistent condom 

use to prevent HIV infection. The SA government launched a national HIV counseling and 

testing campaign in 2010 to increase the uptake of HIV testing (147). This shifted HIV testing 

from being patient-initiated to provider-initiated and resulted in 13 million people knowing 

their HIV status and approximately two million HIV positive people on ART by 2012 (148). 

By 2014, South Africa adopted the UNAIDS 90-90-90 treatment targets which aim to have 

90% of people living with HIV knowing their HIV status, 90% of HIV positive people on 

treatment, and 90% of those on treatment with an undetectable viral load by 2020 (83, 148). 

ART eligibility in the country changed from all HIV positive TB patients or a CD4 count ≤ 
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350 cells/mm3 in 2013, to having CD4 count ≤ 500 cells/mm3 in 2015. The country took 

further steps to curb the HIV epidemic by adopting universal test and treat in 2016 where 

everyone testing positive for HIV is expected to start on ART regardless of CD4 count (148). 

 

Effects of ART on TB disease 

 

The provision of ART for all HIV-positive people regardless of CD4 count, decreases the risk 

of incidence of TB (149). ART reduces the risk of TB incidence by 65% (hazard ratio =0.35, 

[95% CI 0.28-0.44]) in people living with HIV. The protective effect of ART on TB incidence 

was also present irrespective of the CD4 count that a person had when starting ART (149). 

TB incidence is high in patients who have just started ART compared to those receiving ART 

for longer (150, 151). A modelling study has predicted that with the adoption of universal test 

and treat and a coverage of 95%, starting ART as soon as people test HIV positive will further 

decrease HIV-related TB by 98.4% (97.8%-98.9%) (152). ART also reduces mortality in HIV 

positive patients on TB treatment by between 44% and 71% (153).    

  

TB preventive therapy 

 

Isoniazid preventive therapy (IPT) is provided to individuals who are unlikely to have active 

TB but are at increased risk of developing TB. These include HIV positive patients as well as 

children younger than 5 years who are contacts of a TB positive patient. In HIV positive 

patients, IPT reduces the risk of developing TB disease (154) and of recurrent TB (155). IPT 

was reported to offer 35% TB risk reduction (relative risk = 0.65, 95% CI [0.51-0.84]) in HIV 

positives and a larger 52% TB risk reduction (relative risk = 0.48, 95% CI [0.29-0.82]) in HIV 

positives with a positive tuberculin skin test (TST) (154). However, in miners, the mass 

provision of IPT for nine months regardless of HIV status did not reduce either the incidence 

or prevalence of TB or the rate of death from any cause (156). In studies done among HIV 

infected individuals in Ivory Coast, Ethiopia and Brazil, IPT was shown to have an impact on 

mortality, with the risk of death reduced in patients on IPT compared to those not on IPT 

(157-159). Initiating HIV positive patients without TB on IPT and ART further reduces the 

risk of developing TB disease and death (160, 161). In settings where TB incidence is high, 

the protective effect of IPT once a patient has stopped taking the therapy wears off quickly 

and therefore, longer durations are recommended (156). This led to WHO recommending that 

in high TB incidence settings, people living with HIV who do not have TB be provided with 

IPT for at least 36 months (162). Recently, WHO has recommended that a weekly dose of a 

combination of rifapentine and isoniazid for three months (3HP) may be used as an alternative 
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to IPT (10). Other preventive therapy regimens that are being considered are a daily dose of 

rifapentine and isoniazid for one month (163) and a daily dose of rifampin therapy for four 

months (164). Rifamycin based regimens have greater sterilizing activity, are less 

hepatotoxic, and have shorter treatment courses compared to isoniazid only regimens (165, 

166). These short treatment courses have led to high treatment adherence and completion 

rates compared to taking isoniazid for six months or longer (166). A modelling study 

suggested that 3 months rifamycin-based regimens cured 19% to 100% of latent TB infection 

in HIV positive people compared to 0% with an interquartile range of 0 to 39% for isoniazid 

(167). The study also suggested that the curative effect of rifamycin-based regimens would 

have durable patient benefit in HIV individuals in settings where risk of reinfection is low but 

in high HIV settings, the effect might not be evident due to the high risk of TB reinfection 

(167).    

  

TB infection control 

  

Infection control involves several measures that together aim to reduce the risk of TB 

transmission in populations (168). These include managerial, administrative, environmental, 

and personal protective equipment controls. Managerial measures involve the development of 

financial plans, policies, assessment of the appropriateness of existing structures or need for 

new ones, and surveillance of TB disease. Administration measures control the spread of 

bacteria within health facilities by prompt identification and attendance of patients with TB 

symptoms, teaching them cough etiquette, and separating them from other patients. 

Environmental controls reduce the number of bacteria in the air by use of ventilation systems 

(natural or mechanical) or ultraviolet germicidal irradiation lights if ventilation cannot be 

achieved. The use of personal protective equipment occurs when health care workers use N95 

masks to prevent the inhalation of bacteria (168). 

  

2.4 Strategies to improve linkage to care 

  

2.4.1 Task shifting  

 

Task shifting is defined as the redistribution of appropriate tasks from more highly qualified 

health care workers to less qualified individuals requiring less training for the efficient use of 

available staff (169). This strategy is used in PHC facilities to address human resource 

constraints and relieve overloaded health care workers. In HIV care in PHC settings, 

community health workers / lay counsellors have been given responsibility such as health 
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promotion (170), HIV counselling and testing (171), and treatment support (172). People 

living with HIV can also be trained on disease self-management, and to provide HIV support, 

treatment adherence, and psychosocial support to fellow patients (173). The task-shifting 

strategy was shown to provide cost-effective and high quality care to people living with HIV 

(174). The strategy has also been used in TB care where a lower cadre of staff has been used 

to: screen for TB and provide counselling and treatment adherence support in PHC facilities 

(175).  

 

2.4.2 Support interventions 

  

Support interventions such as case management are defined as the facilitation or coordination 

of a patient by health care staff to ensure that the patient obtains and continues to receive 

appropriate medical care (176). The strategy, coupled with strength-based counselling 

technique – counselling that identifies a patient’s strengths and focuses on those strengths to 

improve linkage to care – has been adopted in the United States of America to assist with 

linkage to care of people living with HIV (177).  

 

The use of case managers amongst people living with HIV has been associated with increased 

ART usage, viral suppression, higher CD4 count, decreased sexual risk behaviours and unmet 

support needs (86, 87, 178-180). Few studies have assessed the acceptability of these support 

interventions by health providers and patients. One study done in South Africa amongst 

people living with HIV and using peers (fellow HIV positive people) as case managers 

showed that the intervention was well-received by patients (181). Another study done in 

Rwanda amongst people living with HIV, using either a social worker or nurse as case 

managers, reported that patients appreciated the emotional and social support they received 

from case managers. The study also reported that the health providers appreciated what the 

case managers did as they followed up on patients’ needs (182). In TB care, the use of case 

managers to support TB patients to seek care were evaluated in a hospital setting. These case 

managers were responsible for: providing TB education to patients and their families; follow-

up of patients to check for treatment adherence and side effects of treatment; and tracking of 

patients who missed appointments (183). Patients supported by this hospital-based case 

manager had higher rates of successful treatment outcomes – either being cured or completing 

treatment – compared to those without case managers (183).  
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2.4.3 mHealth interventions 

 

Mobile health (mHealth) is the use of mobile devices in the delivery of medical care. mHealth 

technologies have been used as: i) communication tools between individuals and health 

services, ii) health monitoring and surveillance tools, iii) consultation tools between health 

care professionals, and iv) to access information for health care professionals at point of care 

(184). Implemented interventions within HIV care have either been: i) patient-centered 

focusing on behavioural changes, ii) health system inclined focusing on data collection and 

reporting tools, and iii) populations inclined focusing on disease awareness campaigns (185). 

In studies in sub-Saharan Africa, mHealth interventions have been tested as communication 

tools sending reminders via text messages to patients needing linkage to care. The 

interventions improved adherence to ART and were perceived as useful by patients (186, 187) 

(84, 85), were used to communicate with higher-level professionals, (188) as a support 

intervention for lower cadre staff to communicate with higher-level professionals, (188) and 

for health promotion by assisting with education and motivation for treatment adherence 

(189). In TB, mHealth interventions sending text messages have only been used to support 

patients by promoting adherence to TB treatment. However, there is poor quality data on the 

effect of text messages on TB treatment adherence (190) as well as for health promotion by 

assisting with education and motivation for treatment adherence (189).  

   

The literature review reveals several gaps which this postgraduate research aims to address. 

 While causes of death are well described for hospitalised HIV positive and TB 

positive patients, little is known on causes of death in those undergoing TB 

investigation in PHC facilities. 

 While a case manager support intervention for HIV positive patients has been well 

documented, there is limited information on this strategy to support an individual 

seeking care for TB.  

 mHealth interventions have been used in HIV care for communication, results 

delivery, support, health promotion and treatment adherence. However, there is 

limited data on use of this technology in the delivery of results to patients attending 

for TB care in PHC facilities.  
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2.5 Thesis Framework  

 

 

Figure 3: Thesis framework adapted from Corbett EL 2013 on TB Screening in high HIV prevalence settings. 

The grey boxes indicate pathways where patient seeks TB care. The individual level parenthesis shows areas in the TB care pathway that are dependent on the 

patient. The health care worker parenthesis shows an area in the pathway that is dependent on the health care worker. The yellow circle indicates that the 

enclosed activities occur at facility level. The red arrows indicate areas along the TB care and HIV care pathways where delays could occur and also which 

delays are addressed by papers included in the thesis.   

Paper I: determines causes of death in people being investigated for TB; Paper II: addresses HIV diagnostic delay, ART delay, and TB treatment delay; Paper 

III: describes barriers and facilitators of HIV and TB care using the case manager intervention; Paper IV: addresses delays of patients receiving TB test results 

and treatment start delay using the mHealth intervention.
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This thesis began with ascertaining causes of death in adults being-investigated for TB using 

verbal autopsy methodology. In an effort to understand possible reasons for these deaths, 

patient and health system delays were identified along the TB and HIV care pathways 

affecting the care-seeking behaviour and quality of care of adults being-investigated for TB. 

In response, two interventions aiming to address identified delays occurring at the facility 

level, where patients seek care, were piloted.  

 

Figure 3 is a framework adapted for this thesis from Corbett EL et al. 2013 (191). The 

framework shows where delays can occur along the TB and HIV care pathways with patient 

entry points into TB and HIV care pathways occurring at the facility level. For the TB care 

pathway, the framework shows that the entry point could either be patients being aware of 

their symptoms and visiting facilities to seek care, due to suspicion of TB as the cause of 

illness or patients being aware of their symptoms and visiting facilities to seek care with lack 

of suspicion of TB disease. Both these entry points would lead them to be screened for TB, 

tested for TB, and started on TB treatment if found to be TB positive. The delays that exist in 

this pathway are access delay, diagnostic delay, delays in receiving results, and treatment 

delays. Access delay is due to patient-related factors linked to seeking timely care at health 

facilities, diagnostic delays due to health system-related factors linked to the diagnosis of TB, 

and treatment delays due to patient and health system-related factors linked to TB treatment 

initiation.  

 

For the HIV care pathway, the framework shows that HIV testing and counselling could be 

initiated by a client or a provider. It also shows that once a patient tests HIV positive, they are 

linked to HIV care and provided with TB prevention medication in those who do not have 

TB. The delays highlighted in the HIV care pathway are diagnostic and treatment delays. 

Diagnostic delays are due to health system and patient-related factors linked to the diagnosis 

of HIV; treatment delays are due to patient and health system-related factors linked to ART 

initiation.  

 

Although patient-related access delays were highlighted as barriers for TB and HIV care, this 

thesis specifically examines interventions addressing delays occurring at PHC level when 

patients are already seeking care. PHC level was chosen as it presented an opportunity to 

influence processes to initiate TB treatment and link patients to HIV care.  
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Two interventions (an mHealth and case manager intervention) were piloted to attempt to 

address the delays that occurred at PHC level along the TB and HIV care pathways. Points at 

which the different delays occur along the pathway are highlighted in red in the framework 

and pathways that the two interventions aim to address have red coloured arrows (Figure 3). 

The case manager intervention aimed to address delays in getting an HIV diagnosis, initiating 

ART and TB treatment (papers II and III). Furthermore, paper III explored barriers and 

facilitators to testing and initiating of TB and HIV treatment. Paper IV reported on the 

mHealth intervention, addressing delays in patients receiving TB test results, and initiating 

TB treatment.  
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CHAPTER 3: METHODOLOGY  

 

This section includes a description of how the three studies that constitute this thesis link to a 

preceding large pragmatic trial; as well as the settings, populations, specific procedures, and 

analyses undertaken for each of the studies.  

For this thesis, linkage to TB care is defined as TB treatment initiation. 

 

3.1 Linkage of the three studies to XTEND trial 

 

This thesis comprises of three studies: a cause of death study and two pilot intervention 

studies (case manager and mHealth interventions). The cause of death investigation was a 

sub-study of a parent study called XTEND (Xpert for TB-Evaluating a New Diagnostic trial), 

while the two pilot studies were conceptualised based on the findings of high pre-treatment 

loss to follow up and mortality from the XTEND trial (Figure 4) in order to address 

challenges identified in the TB and HIV care pathways during the trial.  

 

 

Figure 4: Relationship of the three thesis studies to the XTEND trial.  

 

XTEND trial 

Enrolled= 4656

Died =231

Cause of death study 

Paper I

Case manager pilot 

intervention 

 Quantitative – Paper II  

 Qualitative – paper III 

mHealth pilot intervention 

 Paper IV

Findings from 

XTEND lead to 

conceptualising of 

pilot intervention 

studies
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The red circle shows the population enrolled in the XTEND study and those who died during 

the study’s follow-up period. The blue arrow indicates that the two pilot studies were 

conceptualised from the XTEND findings.   

 

3.2 Brief overview of XTEND trial  

  

XTEND was embedded in the Phase 3 national roll-out of Xpert MTB/RIF across national 

health laboratory system (NHLS) networks. Xpert MTB/RIF was used as the first-line 

diagnostic tool in place of smear microscopy for the diagnosis of tuberculosis (40). The aim 

of the trial was to evaluate the use of Xpert MTB/RIF compared to smear microscopy in TB 

investigation and its impact on patient outcomes. This was a pragmatic cluster randomized 

trial, conducted from June–November 2012, where a laboratory was a unit of randomization. 

A cluster comprised of one laboratory and two PHC clinics selected from high burden 

districts in four provinces (Eastern Cape, Gauteng, Free State, and Mpumalanga). Intervention 

laboratories received the GeneXpert platform, with one specimen submitted for Xpert 

MTB/RIF analysis, replacing the two specimens submitted for smear microscopy at diagnosis 

according to the NHLS algorithm for the diagnosis of TB. Based on the results of an Xpert 

MTB/RIF assay conducted on a single sputum, persons were started on TB treatment if 

positive for MTB and rifampicin sensitive. Drug susceptibility testing was done on MGIT 

culture if Xpert MTB/RIF result was rifampicin resistant. In alignment with South African 

guidelines, individuals were also investigated further for TB with chest X-Ray/culture if HIV-

positive, Xpert MTB/RIF negative or requested to submit a second specimen for Xpert 

MTB/RIF if the Xpert MTB/RIF test was unsuccessful. In the XTEND study, control 

laboratories received standard of care, as per the South African national guidelines which was 

doing two smears for all individuals suspected of having TB. A culture would be done if any 

of the following criteria were met: smear-negative, and symptomatic which included persons 

living with HIV; persons at risk of multi-drug resistant TB (MDR-TB); or persons with prior 

history of TB. The study was conducted in 40 clinics in the four provinces. Patients were 

eligible to take part in the XTEND study if they were aged ≥ 18 years; identified by the clinic 

staff as needing TB investigations and had provided sputum specimen for TB investigation; 

were resident in the clinic catchment area and not planning on relocating from that area within 

eight months. XTEND study staff recruited consecutive patients presenting in facilities with 

less than five patients undergoing TB investigation per day, or every second or third patient in 
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facilities with 6-15 patients undergoing TB investigation per day. The XTEND study enrolled 

4656 participants (40). 

 

To address the postgraduate research objectives, different methodologies from the three 

studies employed in the thesis were used. These methodologies are described in papers I–IV.   

 

3.3 Data sources  

 

This postgraduate research uses data from the following sources: 

 Verbal autopsy (August - November 2013) nested within the XTEND study  

This involved interviews using WHO VA tool with caregivers aged 18 years and above of 

deceased XTEND study participants.  

 Evaluation of a case manager intervention (September 2014 - March 2015)  

This involved piloting a case management intervention for patients being investigated for 

TB aged 18 years and above, to improve linkage into TB and HIV care. The study also 

included a qualitative component with in-depth interviews conducted with patients, health 

providers, and case managers. 

 Evaluation of an mHealth intervention  (September 2015 - April 2016) 

This involved piloting an mHealth intervention that captured TB case identification data 

and relayed results via text messages to patients being investigated for TB aged 18 years 

and above. The study also included a qualitative component with interviews conducted 

with patients and health care providers.   

 

3.4 Verbal autopsy – methodology for paper I  

  

3.4.1 Study aim:  

To assign the cause of death using verbal autopsy methodology, amongst adults being 

investigated for TB. 
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3.4.2 Setting  

 

 

Figure 5: Map showing the provinces of South Africa (Gauteng, Mpumalanga, Free State and 

Eastern Cape), with TB incidence rates for 2012 and location of XTEND study indicated in 

the different shades of grey.  

 

The study was undertaken in Mpumalanga, Gauteng, Free State, and Eastern Cape (Figure 5).  

Mpumalanga province is made up of three districts, Gert Sibanda, Nkangala, and Ehlazeni. It 

is the second smallest province but ranks as the sixth most populous province in the country. 

The province had a TB incidence rate of 513 cases per 100 000 population (8). Gauteng 

province has five districts namely: Ekurhuleni Johannesburg, Tshwane, West rand and 

Sedibeng. Data collection excluded Sedibeng district. The province is the smallest in the 

country but densely populated and referred to as the economic hub of South Africa. The TB 

incidence rate within the province was 418 cases per 100 000 population in 2012 (8). The 

Free State is the third-largest province with second-lowest population density and is found at 

the center of the country. It is divided into five districts, namely: Xhariep, Lejweleputswa, 



36 
 

Thabo Mofutsanyane, Fezile Dabi and Mangaung. It had a TB incidence rate of 761 cases per 

100 000 population in 2012 (8). Eastern Cape Province is the second largest province with the 

third-largest population in the country but is one of the poorest provinces in the country. The 

province is made up of 7 districts namely: Alfred Nzo, Joe Gqabi, Chris Hani, Sarah 

Baartman, OR Tambo, Amathole, Buffalo city, and Nelson Mandela bay (192). It had a TB 

incidence rate of 813 per 100 000 population in 2012 (8). 

 

3.4.3 Study design  

 This was a cross-sectional study nested within the XTEND trial.  
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3.4.4 Study population   

The population was all participants who died during the XTEND trial.   

Deceased participants 

N=231

Contact next of kin or caregiver to invite them to take part in study

Agreed to be interviewed Refused interview or not 

traceable 

Conduct VA using WHO 

standardised tool with additional 

questions 

VA not conducted

Identify by: 

Telephone contact to family /

friends

Home visits 

Department of home affairs vital 

registry 

XTEND participants 

N=4656

 

Figure 6: Identification of deceased XTEND trial participants and recruitment into verbal 

autopsy study.  

The red oval (Figure 6) represents the XTEND trial participants, and the blue oval represents 

deceased XTEND trial participants. 

 

3.4.5 Study procedures  

 

During the XTEND trial, participants provided the study team with contact details of their 

family members or close friends to assist with their follow-up if they could not be located. 

The identification of the deceased participants is shown in Figure 6 above. Caregivers of 

identified deceased participants across the four provinces were telephonically contacted by 
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research staff to invite them to participate in the study and set up an interview date. If they 

could not be contacted telephonically, a home visit was done. Research staff were trained in 

administering the 2012 WHO standardised verbal autopsy tool, which focused on signs and 

symptoms of the terminal illness; they were also trained on bereavement counselling. Training 

on the administration of the WHO VA tool was done by staff from a health and socio-

demographic surveillance site who had extensive experience in administering the tool, while 

the bereavement counselling training was done by a trained clinical psychologist. The VA 

tool comprised of an open narrative section and closed questions on signs and symptoms. The 

additional questions asked included whether the deceased had started TB treatment and ART. 

Caregivers were interviewed in either Xhosa, Zulu, siSwati, Sotho or Sepedi and this was 

done at a place of their convenience (Paper I). 

 

3.4.6 Data management and assessment 

 

The cause of death assessment was done in two ways: using the verbal autopsy interpretation 

software InterVA-4.3 (http://www.byass.uk/interva/products.htm) and physician certified 

verbal autopsy (PCVA). Questionnaires were excluded from the process of assigning a cause 

of death if the entire quantitative or narrative sections were incomplete. The PCVA 

methodology involved two physicians independently assigning an immediate and underlying 

cause of death for each decedent using ICD-10 codes. If the physicians assigned different 

causes of death for a decedent, they would meet to discuss and try to reach consensus. If 

consensus was not achieved, the case was referred to a third independent physician. If 

consensus was not achieved, the cause of death was classified as indeterminate or ill-defined. 

Individual CoD assigned by PCVA were processed further using mortality medical data 

system (MMDS) software, which generates underlying CoD from multiple CoD. The output 

generated by MMDS was categorised into WHO 2012 VA cause of death groups; cause-

specific mortality fractions (CSMFs) were calculated by dividing the number of deaths 

assigned to a group by the total number of deaths. 

 

The same VA data used to determine the cause of death using PCVA methodology was 

imported into the InterVA-4.03 software. The model was programmed to have low malaria 

and high HIV prevalence and detected only “Yes” responses to determine the cause of death. 

It also provided up to three probable causes of death for a deceased individual and categorised 

a cause of death as indeterminate if it was unable to reach a conclusion. InterVA-4 assigns 
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only PTB as a TB-related cause of death, classifying all extra-pulmonary TB as “other 

unspecified infectious diseases”.   

 

 

3.4.7 Study Outcomes 

 

The cause of death study firstly reported on proportions of causes of death assigned to HIV, 

TB and other groups of diseases as determined by PCVA and InterVA methodologies. 

Secondly, cause-specific mortality fractions, calculated by dividing the number of deaths 

assigned to a group of disease by the total number of deaths, were generated for PCVA and 

InterVA methods.  

Thirdly, a comparison of percentages of the cause of deaths for the different disease groups 

and cause-specific mortality fractions generated for the two methods was done. 

 

3.4.8 Statistical analysis 

 

Demographics were described using proportions for categorical variables such as gender, 

nationality, number of TB symptoms, as well as medians and interquartile ranges for 

continuous variables such as age. For PCVA individual CoD analysis, the following ICD-10 

codes were considered to be HIV-related deaths: B20 (HIV resulting in infectious and 

parasitic diseases), B21 (HIV disease resulting in malignant neoplasms), B22 (HIV disease 

resulting in other specified diseases), B23 (other conditions associated with HIV), and B24 

(unspecified HIV disease). ICD-10 codes A15 (respiratory tuberculosis, bacteriologically and 

histologically confirmed) and A16 (respiratory tuberculosis, not confirmed bacteriologically 

or histologically) were categorized as pulmonary TB, while A17 (TB of the nervous system), 

A18 (TB of other organs), and A19 (miliary TB) were categorized as extra-pulmonary TB. 

InterVA-4 assigns only PTB as a TB-related cause of death, classifying all EPTB as “other 

unspecified infectious diseases”. Individual CoD assigned by PCVA were processed further 

using mortality medical data system (MMDS) software, which generates underlying CoD 

from multiple CoD. The output generated by MMDS was categorised into WHO 2012 VA 

cause of death groups; cause-specific mortality fractions (CSMFs) were calculated by 

dividing the number of deaths assigned to a group by the total number of deaths. At the 

individual level, the focus was on the most probable CoD assigned by InterVA-4, compared 

with the underlying CoD generated by MMDS for PCVA. For TB deaths, PTB deaths 

assigned by PCVA and by InterVA-4 were compared. For HIV deaths, ICD-10 codes (B20-
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24) assigned by physicians were grouped together and compared with HIV/AIDS related 

deaths assigned by InterVA-4. For population-level comparisons, CSMF from PCVA and 

InterVA methodologies were generated (Paper I).   

 

3.5 Case manager study – Methodology for papers II and III 

 

3.5.1 Study aim 

 

To pilot an intervention to determine if support from a case manager would assist adults being 

investigated for TB adults to link into TB treatment and HIV care.  

 

3.5.2 Setting  

 

By the end of the XTEND trial, a number of clinics from three of the four provinces which are 

Eastern Cape, Gauteng and Mpumalanga had high proportions of pre-treatment loss to follow 

up throughout the trial. However, we could not include all the clinics in the case manager 

study due to budget constraints and distance from the study management team who were 

located in Gauteng. Only six primary health clinics in Gauteng and Mpumalanga provinces, 

that had high proportions of pre-treatment loss to follow up during the XTEND trial, were 

selected to be part of the case manager intervention pilot study. These six clinics were chosen 

purposively across rural, urban, and peri-urban communities, offering a diversity between 

living conditions and socio-economic status of participants enrolled in the study. 

 

3.5.3 Study design 

 

This was a pilot interventional cohort study with quantitative and qualitative data collection 

components. 

 

3.5.4 Study population 

  

The study population was adults that came to the clinic for care and were identified by the 

clinic staff as needing investigation for TB, using the TB symptom screening tool (22). These 

patients were referred from other consultation rooms to the TB consultation room to produce 

sputum for TB investigation and be recorded in the TB identification register. The study 

aimed to enrol 1200 participants from six primary health care facilities across two provinces 
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(Gauteng and Mpumalanga). The eligibility criteria were adults aged 18 years and above, not 

planning to leave the study area in the next eight months, providing sputum for TB 

investigations, able to provide adequate locator information, and gave consent. 

 

3.5.5 Sample size 

 

We anticipated enrolling 200 patients from each of the six clinics in three months as 

previously achieved in the XTEND trial, totalling 1200 participants. This pilot study was not 

powered to show differences in study outcomes. The sample size calculation was based on 

two outcomes: the first was uptake of ART among those who were HIV positive and ART 

eligible, as well as those enrolled not knowing their HIV status. Using XTEND findings, we 

assumed 20% of patients would not know their HIV status, and 60% of those would test HIV 

positive. A further 50% of those who tested HIV positive would be eligible for ART.  

The second outcome was pre-treatment loss to follow-up in those who tested TB positive. 

Using XTEND study findings, we assumed that 8% of participants would test TB positive, 

and 21% of those would not start TB treatment. The XTEND findings were used to calculate 

the sample sizes for these outcomes as they showed TB treatment and HIV linkage to care 

rates amongst people undergoing TB investigations. The TB outcome was selected because 

the intervention was designed to assist those who would not start on TB treatment after testing 

TB positive. For HIV outcomes, the intervention was also designed to assist those who did 

not know their HIV status to do an HIV test, and further assist those HIV positive patients 

eligible for ART to start ART.  

 

3.5.6 Description of intervention  

 

Lay counsellors referred to as case managers were trained by investigators on TB and HIV 

education as well as on the national TB management and ART guidelines at the time (Paper 

II). One case manager was placed at each of the six clinics. The case managers were selected 

on the basis that they had previous training in HIV counselling and testing. Case managers 

were responsible for encouraging and conducting an HIV test amongst those with an 

unknown HIV status, facilitate CD4 count tests, as well as actively follow up on laboratory 

results and ART initiation in ART eligible (CD4 count ≤ 350 cells/mm3 or TB positive) HIV 

positive patients. They also actively following-up on TB results from the laboratory, informed 

patients of result /availability, and facilitated initiation of TB treatment amongst those who 

had a positive TB test. A study algorithm, based on the national TB management and ART 
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guidelines, was developed to assist the study staff in guiding patients through the health 

system in seeking appropriate care (Figure 7). Case managers contacted participants who 

needed to be initiated on TB treatment or linked into HIV care weekly (in-person or 

telephonically) and recorded these contacts into log sheets. The work of the case managers 

was supervised by a study coordinator and the study project manager.
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Patient identified as needing TB investigation and providing 
sputum for TB testing via routine practice  

Review Xpert MTB/RIF results within one week and assign 
category 

Xpert MTB/RIF + HIV +

Xpert MTB/RIF +, 
RIF susceptible

 
facilitate patient 

starts TB treatment
Send sputum for 

microscopy

CD4 count <50 , 
start ART after 2 

weeks

CD4 count >50 , 
start ART within 8 

weeks  

Xpert MTB/RIF -, 
RIF resistant 

facilitate patient 
starts MDR TB 

treatment (discuss  
with TB nurse 

arrangement for 
MDR treatment)

Collect sputum for 
microscopy TB 

culture and DST 
 

facilitate patients 
starts on ART 

regardless of CD4 

Xpert MTB/RIF + HIV -

Facilitate patient starts 
TB treatment 

Counsel on maintaining 
HIV- 

Xpert MTB/RIF - HIV +

Persisting  TB symptoms after a 
week 

No TB symptoms after a week 

Xpert MTB/RIF - HIV -

Refer for antibiotics if TB 
symptoms persist after a 

week 

Good response to 
antibiotics after a 

week  

No further follow-
up 

Advise to return 
when symptoms 

recur 

CD4 >350 CD4<350 On ART 

Facilitate collection of sputum for 
culture 

Chest X Ray to be done 
Trial of antibiotics 

Facilitate that 
patient starts 

on ART 

CD4 
<350

On 
ART

CD4 > 
350 

Facilitate  
patient starts 

ART 

Advice to return when symptoms recur 

Refer to clinic 
for wellness 
programme 

Review of HIV status and offer HCT if HIV status is unknown

Patient refuses HIV testing treat as 
HIV negative and offer testing at 

every visit

 

Refer for CD4 count if HIV positive 
without knowledge of CD4 count 
(skip if patient is already on ART) 

Poor response to 
antibiotics after a 

week 

Refer patient for 
further 

investigations 

 

At the time of the study, a CD4 count of ≤350   cells/mm3 was criteria for ART eligibility in South Africa 

 

Figure 7: TB and HIV algorithm used to guide case managers, from paper II: Maraba et al. BMJ Open 2018.     
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3.5.7 Recruitment and study procedures 

  

Consecutive patients presenting themselves at clinics, and identified by facility nurses as 

needing TB investigations were referred to research staff. Patients were included in the study 

if they met the following eligibility criteria: age ≥18 years, will be living in the catchment 

area for the next eight months, able to provide sputum for TB investigations, able to provide 

adequate locator information, and gave consent. Data on basic demographics (gender, age, 

nationality, marital status, level of education), current symptoms, TB history, and health care-

seeking behaviour as well as HIV history were collected.   

 

Three months after enrolment to the study, participants who either needed to be initiated on 

TB treatment or linked into HIV care were contacted and interviewed either telephonically or 

in-person to find out if they were initiated on the relevant treatment since enrolment. This was 

done by collecting self-reported data on HIV testing, TB and ART treatment start dates, 

health-seeking behaviour and current TB symptoms. Additional data on HIV data (such as 

HIV testing dates, HIV results, CD4 count testing dates, CD4 count results and ART start 

dates) and TB data (TB testing dates, TB test results, and TB treatment start dates) were 

abstracted from patient medical records by research nurses.  

 

3.5.8 Study outcomes  

 

Quantitative outcomes 

Linkage into HIV care was defined as at three months after enrolment, i) if HIV status 

unknown at enrolment: testing HIV-positive, having done a CD4 count and being started on 

ART if eligible (CD4 count ≤ 350 cells/mm3 or testing Xpert MTB/RIF positive); ii) if HIV-

positive with an unknown CD4 count and not on ART at enrolment: having done a CD4 count 

test; and being started on ART if eligible; iii) if last CD4 count done more than six months 

previously and not on ART at enrolment: having a CD4 count done; and being started on 

ART if eligible. Failure to initiate ART after three months when ART eligible at initial 

assessment was defined as non-linkage to HIV care. 

 

Linkage into TB care (TB treatment initiation) was defined as TB treatment start within 28 

days of sputum submission among patients with a positive sputum test result. Non-linkage to 
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TB treatment (pre-treatment loss to follow up) was defined as not starting TB treatment 

within 28 days of sputum collection among people with a positive TB test result. 

 

Qualitative study outcomes  

A priori themes that were assessed were acceptability of the intervention, facilitators and 

barriers to TB treatment initiation and HIV linkage to care. Data collection methods are 

described below.  

 

3.5.9 Qualitative data collection   

 

At the end of three months follow-up period, patients from Gauteng and Mpumalanga 

provinces were purposively sampled depending on whether they linked or did not link into TB 

or HIV care. The aim was to interview 12 participants: 10 that did not link into care and two 

that successfully linked into care. Research staff attempted to contact all those participants 

telephonically to arrange an appointment. If the participant was reached telephonically, then a 

date and time was scheduled with them to meet at the clinic to conduct an in-depth interview 

in a language of their preference by research staff; participants were reimbursed with R50 for 

transport costs. The study’s project manager, who was trained by a qualitative researcher, 

conducted all the participants’ in-depth interviews. In order to reduce moderator acceptance 

bias, an independent consultant conducted interviews with all five case managers as well as 

health care workers who either initiated patients on TB treatment or ART at the facilities and 

worked closely with the case manager during implementation of the intervention. These 

interviews were conducted in English. Questions included in the interview guides for the 

patients were on their experiences of being supported by a case manager, what facilitated or 

inhibited their TB treatment initiation and HIV linkage to care. In addition to these questions, 

the case manager and healthcare worker interview guides included questions on working 

relationship with each other, and future changes to be made to the strategy. The interviews 

lasted between 20 to 30 minutes for patients and 30 to 45 minutes for health care workers as 

well as case managers. 

 

3.5.10 Quantitative data analysis  

 

The sample enrolled was described according to demographic variables (age, gender, 

nationality, marital status, TB symptoms. Continuous variables were described in medians 
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and interquartile ranges. Categorical variables were described according to percentages. 

Contact attempts were described according to medians and interquartile ranges.  

 

3.5.11 Qualitative data analysis 

 

Data collected through interviews were transcribed and then translated into English. 

Transcribed files were imported into NVIVO 10 QSR International Pty Ltd and coded using a 

codebook. To ensure data validity, the codebook was discussed with a qualitative researcher.  

Data were analyzed using themes identified a priori on the acceptability of the intervention, 

barriers and facilitators of TB treatment initiation, as well as HIV linkage to care. Thematic 

analysis involved organisation of data according to patterns.  

 

3.6 mHealth application –Methodology for paper IV 

 

3.6.1 Study aim 

 

To pilot an intervention to assess the feasibility and acceptability of using a mHealth 

application to improve case identification and treatment initiation.  

 

3.6.2 Setting  

 

The study took place in the Johannesburg metropolitan municipality in Gauteng province. The 

municipality is made of seven regions from A to G (Figure 8). The population in these sub-

districts are served by 111 PHC clinics and 10 community health centres. The study was 

conducted in two primary health care facilities in region F, which includes the Johannesburg 

Central Business District. For the purpose of this study, clinics were selected on the basis of 

having > 100 patients presenting with symptoms suggestive of TB per month. 
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Figure 8: Regional demarcations of the city of Johannesburg metropolitan municipality.  

The grey area in the figure indicates the location of Region F where the two clinics piloting 

the mHealth study are located. 

 

3.6.3 Study design 

 

This was a pilot interventional study with quantitative and qualitative data collection 

components. 
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3.6.4 Study population and sampling  

 

The study population were people undergoing TB investigation. Patients were recruited into 

the study if they were adults aged 18 years or older, being investigated for TB at the two 

health care facilities in Gauteng province and submitting sputum for TB investigation. These 

individuals were identified by health care workers as needing further investigations for TB. 

The study did not have a pre-determined sample size of patients to recruit and was dependant 

on the number identified at those facilities as needing TB investigation. 

 

There was no sample size calculation for this study as it did not aim to show the effectiveness 

of the intervention but rather the feasibility and acceptability of using an mHealth application 

to replace the traditional paper register within the PHC facility.  

 

3.6.5 Development of mHealth application  

 

A software application to be used on a mobile handheld device (tablet) was developed. The 

application allowed for: i) capturing and storage of data including patient identifiers, contact 

details, HIV and TB data which are normally captured onto a traditional paper TB 

identification register; ii) integration between the software application and the national health 

laboratory system (NHLS) central data warehouse; iii) retrieval of results from the NHLS data 

warehouse; iv) sending of TB results via pin code protected bi-directional text messages to 

patients and alerts to health care workers; and v) overall view of TB programme data per 

clinic by clinic manager and TB coordinator. A workshop was held with TB nurses at 

participating clinics, district TB coordinator, and DOT supporters to discuss and agree on the 

content of the text messages that would be sent to patients. The group agreed that for TB 

positive patients, the message should advise patients to return to the clinic to start treatment. 

Patients with negative sputum results received the following text message: ‘Your result is 

“MTB negative”, please visit the clinic if symptoms persist’. Patients with positive sputum 

results received the message ‘Your result is “MTB positive”, please visit the clinic to start TB 

treatment’. Patients with a rejected or invalid sputum result received the following text 

message ‘Your result is “rejected specimen”, please visit the clinic to provide further 

specimens’. Participants in the study were able to choose if they wanted to receive results via 

text or get a text message informing them of results availability. Those who opted to receive 

results via text were required to choose a four-digit secret pin code to access their results.   
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3.6.6 Study procedures  

 

Research staff were placed at the clinics to support the health care worker responsible for TB 

care. Research staff and facility health care workers were trained in the application by the 

software developers. Each of the two facilities was assigned two tablets to which the TB 

professional nurse and the facility data capturer had access. However, only one of the tablets 

was in use at any one time. Adults aged ≥18 years who were providing sputum for TB 

investigation were approached by research staff to participate in the study. If patients agreed 

to participate, the health care workers captured their data in the application using tablets while 

the research staff captured the same data into the traditional paper-based register. Participants 

were not provided with any study-related tool, but the study relied on patients’ personal cell-

phones. Once TB results were available in the NHLS data warehouse, they were retrieved by 

the application data warehouse and were automatically sent to participants' phones via text 

messages. The study coordinator and project manager were able to monitor if text messages 

were successfully sent or not to participants through the application dashboard. Data were 

collected over two phases. First, the pre-implementation phase, which was a three-month 

period during which data were collected using the paper register only. Second, the 

implementation phase, which was for a three-month period during which data was collected 

by both mHealth application and paper registers. The study did not have a follow-up period. 

Data from paper registers were transcribed into a Microsoft Excel spreadsheet for both 

periods.  

 

The feasibility of the application was assessed by comparing TB indicators for the same 

individuals collected using the paper TB identification register and mHealth application 

during the implementation period. We decided a priori that the mHealth application would be 

feasible if we observed no difference between key indicators generated from the paper and 

mHealth applications as follows: (i) successful collection by the mHealth application of all 

data elements usually collected by the paper TB register; (ii) successful and more rapid 

receipt of electronic laboratory results at the clinic using the mHealth application; and (iii) 

success in automatic sending of text notifications and results to patients. The potential 

effectiveness of the application was assessed by comparing indicators in the pre-

implementation and implementation periods. This was done to (1) identify slower and faster 

processes delivered by the mHealth application and parallel paper register; and (2) to identify 

specific indicators that could be improved by mHealth (such as time to TB treatment 

initiation) by comparing implementation period with pre-implementation period data. 
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3.6.7 Study outcomes 

 

Quantitative components 

A comparison of proportions of the following indicators generated from data in the mHealth 

application and on the paper register during implementation: 1) the proportion of patients with 

specimen results; 2) the proportion of results received within 48 hours; 3) proportion with 

positive Xpert MTB/Rif results; 4) the proportion of patients with positive Xpert MTB/RIF 

results who were initiated on TB treatment within 48 hours and within 28 days; and 5) the 

proportion of patients with a positive Xpert MTB/Rif result who also had a subsequent smear 

result recorded, was done. 

 

Qualitative outcomes 

Acceptability of the intervention described health care providers’ experiences of 

implementing the intervention and patient’s experiences of using the application to receive 

their results. The themes were categorised according to the three normalisation theory 

domains described below. 

 

3.6.8 Acceptability of the mHealth application data collection 

  

After three months of running the application at the clinics, qualitative interviews to assess the 

acceptability of the intervention were conducted with patients who took part in the study and 

with health care workers at the participating clinics. The interviews were done by two people 

independent from the study team, with extensive experience in conducting qualitative 

research. A purposive sample of 20 patients was drawn, including 10 that had tested TB 

negative and 10 TB positive. We further categorised each of the TB positive and negatives 

into two groups of five patients each, with one group having received sputum results and the 

other group having not received results via text messages. Patient interviews were conducted 

either in Zulu, Tswana, or English and lasted between 20-30 minutes. Health care workers 

who used the application were also interviewed, and their interviews were conducted in 

English. All transcripts were transcribed into English.  

 

Acceptability of the application was assessed using the normalization theory. The theory 

assessed the implementation of, and factors which facilitated uptake of a new technology into 
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routine health care settings. We focused on three domains of the theory, namely reflexive 

monitoring, collective action and cognitive participation (193, 194). Collective action was 

defined as the ease of use of the application by health care workers as well as patients and 

how the application integrates within existing systems. Cognitive participation was defined as 

the patients’ willingness to use the application to retrieve results, and health care workers’ 

willingness to capture patients’ data into the system and search for results. Reflexive 

monitoring was the ability of the mHealth application to deliver results by text to patients and 

health care workers. The domain also assessed the experiences that a patient had after using 

the application to retrieve results and get initiated on TB treatment as well as the feeling a 

health care worker had after receiving results and starting TB patients on treatment. An 

additional domain was confidentiality, which was defined as the patient’s belief that the 

method of results delivery (application) did or did not promote confidentiality of the results.  

 

3.6.9 Statistical analysis 

  

Demographic characteristics of the population were described according to age, gender and 

HIV status. Medians and interquartile range were used for continuous variables, and 

proportions and percentages used for categorical variables. For feasibility, McNemar test was 

used to compare TB indicators; the proportion with specimen results, proportion with positive 

Xpert MTB/RIF results and proportion with a positive Xpert MTB/RIF result who had a 

subsequent smear result recorded. This comparison was done with data for the same patients 

collected during the implementation period using the two methods. For potential 

effectiveness, the proportion test for two samples was used to compare the proportion started 

on TB treatment within two days and 28 days of sputum submission for TB investigation 

between paper register data from the pre-implementation period and mHealth data in the 

implementation period. Stata version 14 (StataCorp LP, Texas) was used to analyse the 

quantitative data. Nvivo version 10 (QSR international Pty software) was used to organise the 

qualitative data into themes.   

 

3.7 Ethical considerations 

  

The verbal autopsy study was approved by the ethics committee of the University of the 

Witwatersrand (M130381) and London School of Hygiene and Tropical Medicine (6394). 

Permission to undertake the case manager study was obtained from the University of the 
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Witwatersrand (M131143) and London School of Hygiene and Tropical Medicine (7124). 

Additional permission was also obtained from Gauteng and Mpumalanga provincial 

government and the sub-districts. The implementation of the mHealth study was approved by 

the Human Research Ethics Committees of John Hopkins (IRB00071530) and Witwatersrand 

(M141008) universities.  

 

The research teams were trained in good clinical practice to ensure they did not infringe on 

the ethical rights of the participants. All the participants and caregivers of decedents who took 

part in the three studies provided written informed consent to be interviewed as well as to use 

their data for publications. Interviews were done in an environment where the respondent felt 

safe and comfortable. Respondents were advised to stop the interviews at any time if they did 

not feel comfortable continuing and that there would be no negative consequences. Enrolled 

participants could also withdraw from the studies at any point without affecting the care they 

received at clinics. 



53 
 

CHAPTER 4: RESULTS SECTION  
 

This section highlights key findings: causes of death from verbal autopsy study, linkage into 

HIV care and initiation of TB treatment from case manager pilot, and initiation of TB 

treatment using mHealth intervention. This section also makes reference to the four thesis 

papers listed in Table 1. 

 

4.1 Mortality and cause of death: verbal autopsy study 

 

This section describes the causes of death amongst deceased participants who had undergone 

TB investigation, and barriers to linkage to care.  

 

4.1.1 Decedent demographic characteristics 

  

From 1 August to 29 November 2013, a total of 231 verbal autopsy (VA) interviews were 

attempted with caregivers. Of these, 138 (59.8%) were completed, 68 (29.4%) caregivers 

could not be traced, and 25 (10.8%) refused to be interviewed. Interviews were conducted 

within a median time of 11 months (interquartile range [IQR] 8-12 months) after deaths had 

occurred. Descriptive data for the deceased were collected during the enrolment period in the 

XTEND trial. Verbal autopsy interviews were conducted with caregivers of 138 decedents, 

but 137 were included in the analysis because one of the VA questionnaires administered did 

not have a narrative section. The 137 decedents included 76 males (55.4%), 61 females 

(44.5%) with a median age of 41 years (IQR 33-50).  Seventy percent of decedents had self-

reported being HIV positive at the time of enrolment into the XTEND trial. The results in this 

section have been presented in paper I (195). A comparison of the individual causes of death 

assigned by PCVA and the most probable cause of death assigned by InterVA 4.3 are shown 

in Table 2, while the comparison of cause-specific mortality fractions between the two 

methodologies is shown in Table 3. 

  

4.1.2 Cause of death  

 

Using the PCVA methodology, TB was the leading cause of death identified in 70/137 

(51.1%) of decedents. Of the 70 TB deaths, 44 (63%) were attributed to PTB and 26 (37%) to 

EPTB. The second leading cause of death was HIV/AIDS 21/137 (15.3%) and the third, 

gastrointestinal disease 7/137 (5.1%). The InterVA 4.3 methodology assigned HIV/AIDS 
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with 49/137 (35.7%) cases, followed by TB with 48/137 (35%), and then malignant neoplasm 

with 14 deaths (10.2%) (Table 2). Cause-specific mortality fractions calculated after PCVA 

CoD were processed by MMDS software showed that HIV/AIDS-related deaths accounted for 

66.4% of PCVA deaths; PTB for 9.5%; cardiac disease for 2.9%; and malignant neoplasms, 

gastrointestinal diseases and accident/self-harm for 2.2% each (Table 3). InterVA-4 cause-

specific mortality fractions (CSMFs) were calculated using all assigned CoD, and these 

showed that PTB accounted for 33.2% of deaths; HIV/AIDS for 32.8%; malignant neoplasms 

for 9.6%; and respiratory ailments for 4.9% (Table 3). 
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Table 2: Immediate cause of death assigned by physician-certified verbal autopsy compared 

with "most probable" cause of death assigned by InterVA-4 (n=137).  

Cause of death  Physician-certified 

verbal autopsy  

InterVA-4 

 N (%) N (%) 

Pulmonary tuberculosis  

   Not bacteriologically-confirmed 

  Bacteriologically-confirmed 

44 (32.1) 

36 (26.0) 

8 (6.0) 

48 (35.0) 

NA 

NA  

Extrapulmonary tuberculosis  

  Tuberculosis of nervous system 

  Miliary tuberculosis 

  TB of other organs  

26 (19.0) 

11 (8.0) 

10 (7.0) 

5 (4.0) 

NA  

NA  

NA  

NA 

HIV/AIDS-related deaths 21 (15.3) 49 (35.7) 

Gastrointestinal diseases 7 (5.1) 4 (3.0) 

Pneumonia  5 (3.6) 4 (3.0) 

Cardiac disease/ failure 4 (3.0) 5 (3.6) 

Respiratory ailments 4 (3.0) 2 (1.5) 

Renal failure 3 (2.0) 1 (0.7) 

Malignant neoplasm 3 (2.0) 14 (10.2) 

Liver diseases 2 (1.5) 1 (0.7) 

Intentional self-harm/poisoning   2 (1.5) 1 (0.7) 

Meningitis  1 (0.7 ) 0 (0.0) 

Indeterminate/unspecified  4(3.0) 1 (0.7) 

Other  11 (8.0) 7 (5.1) 

Total 137 137 

 From Paper I (Maraba et al. Trans R Soc Trop Med Hyg 2016). Not Applicable (NA) for 

InterVA as the software can only assign pulmonary TB deaths and not extra-pulmonary TB. 
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Table 3: Comparison of cause-specific mortality fractions as assigned by physician certified 

verbal autopsy and InterVA-4  

 

Cause of death  PCVA 

CSMF 

% 

InterVA-4 

CSMF 

% 

HIV/AIDS-related death 66.4 32.8 

Pulmonary tuberculosis 9.5 33.2 

Cardiac diseases  2.9 2.9 

Malignant neoplasm  2.2 9.6 

Gastrointestinal diseases  2.2 0.5 

Accident/self-harm 2.2 0.7 

Diabetes Mellitus  1.5 1.0 

Respiratory ailments  1.5 4.9 

Liver diseases  1.5 1.0 

Other diseases 8.0 6.2 

Unknown cause of death 2.2 7.4 

Total  100 100 

CSMF: cause specific mortality fractions; PCVA: physician-certified verbal autopsy 

Concordance correlation coefficient: 0.67 (95% CI 0.38 - 0.97) 

 

 

4.1.3 Perceived barriers to linkage to care 

 

The narrative sections of the VA interviews highlighted some difficulties experienced by the 

deceased in seeking TB and HIV care. The barriers were related to both patient and health 

system. Patient-related barriers included: use of traditional medicines for TB symptoms, 

presenting with advanced disease, patients not returning to the clinic for results because of ill 

health, fear of testing for HIV, refusing to start ART, lost to follow-up while on either ART or 

TB treatment, and non-disclosure of their HIV status. Identified health service barriers 

included: lost patient files, missing test results, diagnostic delay due to difficulty of 

microbiologically identifying TB as a cause of illness in some patients, and health system 

delays in initiating patients on ART.   
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The two interventions piloted as part of this postgraduate research aimed to address the 

observed barriers to improve linkage to HIV care and initiation of TB treatment using case 

managers (Section 4.2), and initiation of TB treatment using mHealth intervention (Section 

4.3). 

 

4.2 Linkage to HIV care and TB treatment initiation: Case manager study  

 

This section reports on TB treatment initiation and linkage to HIV care using a case manager 

intervention amongst adults who were undergoing TB investigation. These results have been 

reported in paper II (196) and paper III of the thesis.  

 

4.2.1 Supporting linkage to HIV care using case manager intervention 

 

A total of 562 participants were enrolled from five clinics. The anticipated 1200 participants 

could not be enrolled as the study experienced delays in obtaining local approvals which 

resulted in a reduction in enrolment period, and also that enrolments from our clinics were 

much slower than was anticipated (Table 3). The slow enrolments could have been due to 

facility staff identifying low numbers of patients as needing TB investigations or that our 

research staff could have missed some patients and so not invited them to take part in the 

study. We also had ill health preventing one research staff member from following all study-

specific procedures in one of the selected clinics resulting in enrolments being stopped in that 

facility and the 23 participants enrolled being excluded from the analysis. Despite this, we 

were able to report on the findings as this pilot study was neither designed nor powered to 

show any effectiveness of the intervention.   
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Table 4: Total expected number of participants and actual numbers of participants enrolled 

per clinic  

Clinics  Province  Expected number Actual numbers 

A Gauteng 200 59 

B Gauteng  200 94 

C Gauteng  200 150 

D Mpumalanga 200 160 

E Mpumalanga 200 99 

F Mpumalanga 200 23* 

*All participants enrolled in that clinic (23) were excluded from analysis and additional 

enrolments were not done. 

 

The case manager intervention supported 562 patients, 307 (54.6%) females, 255 (45.4%) 

males. The population had a median age of 36 years (IQR 29-44), over half (328 [69.1%]) 

self–reported being HIV positive, with 157/328 (47.8%) having had a CD4 count test 

previously. A median CD4 count of 315 cells/mm3 (IQR 164-471) was calculated for those 

who had a CD4 count test in the past, but nearly two-thirds (209 [63.9%]) had never received 

ART. 

 

Additionally, semi-structured interviews were conducted with 22 participants (five case 

managers, nine patients, and eight health care providers). Of the five case managers, four were 

females, and only one had tertiary education. Of the nine patients, five were from Gauteng, 

seven were male, and eight had secondary level education. Of the eight providers, six were 

female, and all were professional nurses. Five of the providers were from clinics in Gauteng 

province. Seven of the nine patients interviewed did not link to HIV care successfully three 

months post enrolment into the main study. The majority of those who did not link to HIV 

care and were approached to participate in this study were male. All three groups perceived 

the role of the case managers to be important with patients particularly appreciating their 

patience and the respect they received from the case managers. Health care providers reported 

that the case managers assisted them by performing duties such as the collection of sputum, 

follow-up with patients who needed to start on TB or HIV treatment by calling them, 



59 
 

telephonically encouraging patients who still had TB symptoms even after testing TB 

negative and also those who had side effects to medication to return to the clinic for further 

management. 

 

Of the 562 participants enrolled, 132 people needed linkage to HIV care only at enrolment 

(Figure 9); 407 contact attempts were made to these individuals with a median of 3 (IQR 2-4) 

attempts per individual. By the end of three months follow-up, 29 of 132 (22.0%) people had 

still not linked to HIV care and a total of 111 contact attempts, with a median of four attempts 

(IQR 2- 4) per individual, had been made to these individuals. 

  

A further 22 of 562 enrolled participants needed to both initiate TB treatment and link into 

HIV care. Seventy contact attempts with a median of three (IQR 2-4) attempts were made. By 

the end of the follow-up period, 15/22 (63.8%) participants were linked into HIV care and 

started on TB treatment, while 7/22 (31.8%) had started on TB treatment but not completely 

linked into care because they had not initiated ART. Twenty-seven contact attempts with a 

median of two attempts (IQR 4-5) per individual were made to these seven individuals. 

 

Figure 9 shows the different stages of the HIV linkage pathway at which patients were when 

case manager support started. Patients entered and exited the pathway at any stage depending 

on their stage at enrolment into the study: 94 with unknown HIV status, 132 needing a CD4 

count and 135 with a CD4 count. The figure also shows how some patients exited the 

pathway because they did not complete or meet the criteria to move to the next stage. Twenty-

six of the 94 (27.7%) with unknown HIV status refused an HIV test, 13/132 (9.8%) who 

needed a CD4 count did not test, 44/135 (32.6%) with a CD4 count result did not meet the 

ART initiation eligibility criteria at the time, and 24/91 (26.4%) of those ART eligible did not 

initiate on ART.  
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94 Unknown HIV 
status 

68 (72.3%) Tested 
for HIV

42 (61.8%) HIV -

26 (27.7%) declined 
HIV testing 

132 needing CD4 
count testing  

106 HIV+ without 
CD4 count at 

enrolment 

119 (90.2%) Blood 
drawn for CD4 

count

135 with CD4 count

91 (67.4%) ART 
eligible 

67 (73.6%) Initiated 
on ART

16 Had CD4 count 
test done before 

enrolment 

13 did not have CD4 count done 
 9 refusals
 2 could not get time off 

work
 1 missed opportunity
 1 lab did not process the 

sample

44 not ART eligible
 38 CD4 count  350
 6 missing CD4 count data 

24 did not initiate ART
 6 were lost to follow-up
 8 did not have time off 

work
 3 refused 
 1 relocated 
 3 died 
 3 hospitalised, no ART 

initiation records at clinic

26 (38.2%) HIV +

 

Figure 9: Flow of participants through linkage to HIV care pathway, from paper II: Maraba et 

al. BMJ Open 2018.  

The yellow squares in the figure indicate the groups of patients that entered the pathway and 

blue squares the patients that exited the pathway at that stage of linkage to care.  

 

The semi-structured interviews showed that barriers to HIV care in this context could be 

grouped into patient and health system factors. Patient-level barriers were fear, competing 

priorities, and refusal to start ART. Competing priorities, such as work commitments or 

looking for employment, prevented patients from returning to the clinic for further HIV 

management. TB patients living with HIV refused to start ART while still taking TB 
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treatment, and those who were HIV positive only delayed returning to the clinic for ART 

initiation. The reason why TB patients living with HIV refused to start ART while still taking 

TB treatment was because they wanted to finish their TB treatment first before initiating on 

ART. Fear of stigma also played a role in patients avoiding care for HIV. 

Health system factors included the way facilities booked patients for ART initiation and long 

queues, poor implementation of updated HIV and TB management guidelines and lost patient 

files or missing results. Lost patient clinic files or results prevented providers from managing 

patients well. The way facilities booked patients for ART initiation did not allow prioritising 

patients with low CD4 counts that needed to be fast-tracked to start ART and therefore 

delayed these patients from linking into care. Long queues discouraged patients from seeking 

care. There also seemed to be a reluctance amongst health providers in terms of initiating 

ART between 2-8 weeks after starting a person on TB treatment resulting in the poor 

implementation of the updated HIV and TB management guidelines. This reluctance was due 

to fears that patients will develop IRIS. 

 

4.2.2 Supporting TB treatment initiation using the case manager intervention 

  

Of the 562 participants supported by a case manager to test for TB, 57 (10.1%) had a positive 

index Xpert MTB/RIF result, and 53 (93.0%) started TB treatment within 28 days of testing 

positive for TB. The median time to TB treatment initiation was five days (IQR 2-7). Four 

participants did not initiate treatment, two died before starting treatment, and two participants 

started treatment more than 28 days after sputum was taken. Of the two deceased participants, 

one died within five days, and the other within one day of taking sputum for TB investigation.  

 

Thirty- five of the 57 (61.4%) with positive index Xpert MTB/RIF results only needed to 

initiate TB treatment and did not need HIV linkage to care. The case manager made 78 

contact attempts (median two attempts [IQR 1-3] per individual) to this group. By the end of 

the follow-up period, four participants had not initiated TB treatment, and 10 contact attempts 

were made (median one attempt [IQR 1-4] per individual). 

  

The semi-structured interviews revealed that facilitators of TB testing and initiating on TB 

treatment were the type of reception at the health facilities and ill health. Type of reception at 

facilities included health care worker’s attitude towards patients seeking care and patients 

feeling that they get assisted when they go to the facilities. Ill-health or having the desire to 
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get better also encouraged patients to seek care. One patient described seeking care because 

he had a desire to live.  

“For me …. I wanted to live.  I could not continue coughing forever. I was not gaining 

weight and I was thinking a lot.  I even stopped working for a while, now am better, I 

could not walk totally. Now am better I have energy, I can walk, clean and cook for 

myself.”  Male patient, struggled to get a TB diagnosis and to initiate on TB 

treatment. 

 

One barrier to testing and initiating TB treatment was non-referral of patients for chest X-ray. 

This barrier was reported specifically by case managers who indicated that in some facilities, 

health care workers did not refer people living with HIV with an initial Xpert MTB/RIF result 

for chest X-ray.  

 

4.3 Initiation of TB treatment: mHealth application  

 

This section reports on supporting TB treatment initiation amongst those undergoing TB 

investigations using the mHealth intervention. These results are reported in paper IV (197).  

 

4.3.1 Supporting TB treatment initiation using the mHealth intervention 

 

Evaluation of the mHealth intervention was conducted during two time-periods: pre-

implementation and implementation period. The pre-implementation period involved data for 

457 patients, 195 (42.7%) were male with a median age of 34 years (IQR 28-40). 

Implementation period involved 319 participants: 131 (41.1%) were male, median age 32 

years (IQR 27-38), 259 (81.2%) self-reported being HIV positive. The results of this study are 

reported in paper IV. 

 

Of the 319 patients, 286 (89.6%) asked to receive results by text message, 31 (9.7%) did not 

wish to receive any text message, and 2 (0.6%) opted to receive a text message indicating the 

availability of results at the clinic. Of those who requested to receive their results via text 

message, 59 (20.6%) did not receive them because: 1) participants did not understand how to 

respond with a secret pin (49/59; 83.1%); 2) the application server did not receive results from 

laboratory server (5/59; 8.4%); 3) the application did not send results to patients even though 

these patients responded with the correct pin (5/59; 8.4%).  
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The proportion of TB results documented at the clinic within 48 hours was 68.6% during the 

pre-implementation period compared to 96.8% during the implementation period, and this 

was statistically significant (Table 5). There was no significant reduction in the time to TB 

treatment initiation four days (IQR 2-6) in the pre-implementation period and three days (IQR 

2-5) in the implementation period (p=0.5). Although there was no significant increase in the 

number on treatment within 28 days of testing RIF susceptible TB positive, there was a trend 

towards an association with 68.2% in the pre-implementation period and 84.8% in the 

implementation period (p-value =0.08). Similar findings were also observed for the number 

lost to follow-up which was not significant but showed a trend to association with 31.8% in 

the pre-implementation period and 15.2% in the implementation period (p-value =0.08) 

 

Table 5: Process indicators assessing potential effectiveness of using mHealth application 

compared to paper register  

 Pre-

implementation  

Implementation   

Source of data Paper register  mHealth P-value 

Process indicators  N (%) N (%)  

Number with turn-around time for 

sputum results within 48 hours 

293/427 (68.6) 309/319 (96.8) <0.001 

Time to TB treatment initiation, 

median (IQR) 

4 (2 - 6) 3 (2 -5) 0.50 

Number on treatment within 48 

hours of testing Rif susceptible TB 

positive 

14/44 (31.8) 10/33 (30.3) 0.85 

Number on treatment within 28 days 

of testing Rif susceptible TB positive 

30/44 (68.2) 28/33 (84.8) 0.08 

Number lost to follow-up (not on 

treatment within 56 days) 

14/44 (31.8) 5/33 (15.2) 0.08 

Table from Maraba et al. PloS One 2018 
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The acceptability of the application assessed through four domains (cognitive participation, 

collective action, reflexive monitoring, and confidentiality are discussed below.  

 

Cognitive participation: The application brought convenience to patients allowing them to 

access results anywhere without the need to return to the clinic.  Providers perceived that the 

application assisted patients in starting TB treatment early.  

 

Collective action: In the initial phase of implementation, providers had technical difficulties 

using the mobile devices, but this improved with experience. Once providers gained 

experience using the application, they felt that it assisted them to initiate patients on TB 

treatment more quickly as patients returned to the clinic after receiving results on their cell 

phones. 

“Most of the patients were coming back before I call them or send a tracer, if their 

results were positive.” TB nurse, Clinic B 

 

 

Patients also experienced technical challenges, preventing them from retrieving their results. 

“Yes I got the text message, ….the sister said when I get a text message, she gave me 

these other numbers  [the pin code],   [and] she said I must send to that number. She 

showed me how.  I did what she said, [but] I did not get [result], so I never got the 

result.” Male TB negative patient 3, clinic B.  

 

This was due to either software malfunction, where patients’ results were not delivered even 

though they correctly followed the retrieval instructions, or due to individuals not 

understanding the steps required to retrieve results. 

“They sent them [results] but I was not responding in a good way until I came to the 

clinic and they assisted me in getting the results, I pressed wrongly on my phone.” 

Male TB positive patient no 3, clinic B. 

 

Reflexive monitoring: Providers and patients were satisfied with the intervention. Providers 

perceived that the mHealth application saved patients’ time.  

“Patients were satisfied because some of them did not have to ask for permission 

[from work] to come to the clinic more especially the ones that the results come back 

negative.” Facility manager, Clinic B  
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Confidentiality: Patients believed that receiving results through text messaging did not 

infringe on their privacy and they appreciated receiving results via pin-protected text message.  

“Sister like I know my phone it’s mine… even if I get a text I will open it and see it 

myself, and no one will know what is happening on my phone, I think it’s a good way 

to receive your result through text through the phone. Than to come to the clinic 

sister, and for the sister to see it. Male TB negative patient no 2, clinic B 
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CHAPTER 5: DISCUSSION  

 

5.1 Introduction 

  

In this thesis, causes of death in adults undergoing TB investigation were identified, and 

interventions to address the top causes of death found (TB and HIV) were explored to 

improve linkage to HIV care and/or TB treatment initiation. 

The section also discusses thesis findings in relation to findings from other settings as well as 

the strengths, limitations, recommendations, and conclusions. 

 

5.2 Key findings  

 

5.2.1 Verbal Autopsy 

 

TB was the leading cause of death in adults undergoing TB investigations in PHC facilities, 

with 51.1% attributed to it by PCVA and 35% by InterVA-4. The second leading cause of 

death was HIV, with 15.3% of deaths attributed to it by PCVA and 35.7% by InterVA. TB 

and HIV specific barriers exist, preventing this population from linking into HIV care and 

initiating TB treatment. Caregivers reported specific barriers to TB treatment initiation to be 

delays in accessing health care, diagnostic delays and loss of results. Reported specific 

barriers for HIV linkage to care were access delays (delayed presentation to seek care), loss of 

laboratory results, and treatment delays. 

 

Studies ascertaining causes of death using pathological and VA data amongst those seeking 

care in primary health care facilities are limited. One study, using minimally invasive autopsy 

conducted in SA amongst HIV positive patients with advanced disease attending PHC 

facilities, reported that TB was the leading CoD contributing 47% of the deaths (51). 

Although this population was from PHC facilities, it differed from ours in that all patients 

were HIV positive. Majority of studies using pathological autopsy to determine CoD were 

undertaken in hospital settings. Previous work conducted in hospitalised populations of 

predominately HIV-infected individuals showed TB to be the leading cause of death (48, 96-

100). Determination of CoD using VA has also not been done in populations in PHC facilities 

but rather in populations living in health demographic surveillance system sites. In Kenya, 

Ethiopia, South Africa, and Angola, TB was shown to be the leading cause of death when 

using PCVA ranging from 9.4%-19.7%, and HIV ranged from 8.9%-32.0% (120-123, 198). 
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These findings are lower than those found in this study. In the current study, it was not 

surprising that TB was the leading cause of death because the study population was identified 

as having symptoms suggestive of TB and were already undergoing TB investigation. Further, 

physicians interpreting the data may have selected TB as a CoD because they knew that the 

population was being investigated for TB. However, it is surprising that despite the 

availability of diagnostics tests and treatment, large proportions of people die while being 

investigated for TB, which suggests that people do not get offered TB testing at facilities as 

they should be (35). In studies done in Côte d’Ivoire, Kenya, and Ethiopia, interpreting VA 

data using InterVA showed that HIV-related deaths ranged from 3.8%-12.6% (125, 199, 200) 

and TB deaths from 6.0% -36.0% (125, 200-202). TB-related mortality was similar compared 

to that found in this postgraduate study (35.0%) while the HIV-related deaths reported in the 

previous study (35.7%) were higher. The high HIV-related deaths in the current study could 

be because of the higher HIV prevalence in South Africa compared to those in the three 

countries. Even though HIV-related mortality in this study was higher compared to that found 

in other studies, the reported level could still be underestimated as some of the caregivers 

responding to the interviews did not know if the deceased was HIV positive or not. In this 

study, PCVA methods assigned more TB-related deaths compared to InterVA, possibly 

because InterVA software can only assign pulmonary TB as a cause of death and classifies 

extra-pulmonary TB under ‘other infectious disease’. 

 

In this study, people living with HIV delayed seeking care because of fear of being 

stigmatised or were in denial of their HIV status, resulting in patients refusing ART initiation 

or being lost to follow-up while on ART treatment. Clinics were also responsible for delaying 

ART initiation in some cases. Similar findings were reported in a study using verbal and 

social autopsies where stigma, denial, and health system challenges were perceived by 

caregivers of deceased HIV positive women in Kenya to be barriers to seeking care in the 

population (203). Delayed presentation for TB care was due to patients’ first using traditional 

medicine prior to seeking care or seeking care when their symptoms had progressed. A study 

in Malawi amongst newly diagnosed HIV positive patients showed those who sought care 

from traditional healers or pharmacists had an increased odds of diagnostic delays (204). A 

South African study also reported that patients who sought care from traditional healers took 

longer to be initiated on TB treatment and were more likely to die (205). Patients not 

returning for their results at the clinic because of ill health was consistent with findings from a 

study done in India (206). Lost results was also reported as a barrier for TB treatment 

initiation in this study. Similar findings were also reported in a systematic review on pre-
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treatment loss to follow-up, which showed that delays in receiving laboratory results was a 

contributor to patients not initiating on TB treatment on time (56).  

 

The two interventions - the case manager and mHealth application- were piloted in an attempt 

to address facility-level challenges of linkage to HIV care and TB treatment initiation in this 

population. The case manager intervention attempted to address the diagnostic delays, 

including the delivery of or receipt of laboratory results, and treatment delays linked to HIV 

care and TB treatment initiation. The mHealth intervention aimed to address delivery or 

access to laboratory results and treatment delays linked to TB treatment initiation. 

 

5.2.2 Case manager intervention 

 

The case manager intervention was piloted in an attempt to address facility-level challenges, 

with a particular interest in diagnostic and treatment delays linked to linkage to HIV care and 

TB treatment initiation in this population. These delays were addressed by facilitating 

patients' HIV and TB health-seeking journey by providing education and support to address 

patient-related diagnostic delays for both HIV and TB, such as refusal for testing. Attempts to 

address diagnostic delays were made by interceding on health system barriers such as delays 

in the delivery of laboratory results. The intervention also provided communication between 

patients and the provider. Attempts to address treatment delays for both TB and HIV 

treatment were made by providing education and ongoing follow-up with laboratory, 

providers, and patients. 

 

The intervention was implemented by placing an additional person, who was a trained lay 

counsellor, at the clinic to assist patients in navigating the health system. The majority of 

patients with TB started on TB treatment with ease (93.0%). Facilitators to TB treatment 

initiation were spread across patient and health system-related factors. The quality of 

reception received at the facilities motivated patients to seek care. Ill-health, linked to a desire 

to get better when sick, persuaded patients to seek care. Despite high TB treatment initiation 

rates, people living with HIV did not link into HIV care sufficiently; 73.6% of ART eligible 

patients linked into care while 26.4% did not. This was regardless of numerous successful 

contacts and failed contact attempts made to provide support to these patients. For those 

patients that did not link into care after the follow-up period, the perceived barriers to HIV 

linkage to care were patient and health system-related. Patient barriers were: refusal to start 

ART, fear linked to knowing one’s HIV status and being on lifelong treatment, as well as 
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competing priorities such as seeking employment. Health system barriers included: poor 

clinic booking system for ART initiation and long queues, poor implementation of updated 

HIV and TB management guidelines, and lost patient files or results. 

 

Patients refusing to be initiated on ART while still taking TB treatment was surprising as one 

might assume that if a patient was willing to start on TB treatment, they would be willing to 

start on ART. The reason for the refusal in the case manager study was that patients wanted to 

finish the TB medication first before starting on ART. This refusal could be due to fear of side 

effects or pill burden of taking both medications (76). This indicates that this population may 

require personalised counselling in an attempt to address these fears. As in this study, fear of 

being on lifelong treatment, difficulties scheduling appointments, long queues and poor clinic 

booking system, were reported barriers to ART initiation in other studies in Kenya, Uganda 

and South Africa (207-210). Although updated South African TB management guidelines had 

just been published in mid-2014, during the implementation of the case manager study which 

occurred from September 2014 to March 2015, health care providers were still reluctant to 

initiate TB patients living with HIV on ART early as these patients needed to be initiated 

between 2-8 weeks after TB treatment initiations. This reluctance by health care providers 

was due to concerns of patients developing IRIS. One way of addressing this poor 

implementation of updated HIV and TB management guidelines can be by retraining on 

updated guidelines as done in Nigeria and Kyrgyzstan (211). However, it would still be up to 

the health care providers to adhere to these updated HIV and TB management guidelines once 

training was provided.   

 

The barriers to HIV linkage to care highlighted above show the complexity of linking an 

individual into care. For an HIV positive individual to link into care, a balance between 

perceived value and costs of seeking care is required. This perceived value and cost to link to 

care is influenced by: individual perception of their health status, interpersonal interactions, 

clinic experiences, community and social norms, and type of policies adopted by the 

government to promote linkage to care (212). As shown in the case manager study, some 

patients chose to seek employment or go to work rather than attend the clinic for further HIV 

management, while others avoided care because of fear of being stigmatized.   

 

Reported facilitators to TB treatment initiation (quality of reception at the facility and ill 

health) in this study were found to be similar to those found in a Kenyan study identifying 

barriers and facilitators of linkage into TB care (208). These facilitators show the importance 
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of patients’ clinic experience and patients’ need to get better in seeking care. The case 

manager study showed that patients appreciated the patience and respect received from case 

managers, further improving patients’ clinic experience. 

 

Studies that have used case managers trained in strength-based counselling in the USA (86, 

87, 178-180) have shown an improvement in linkage to HIV care amongst HIV positive 

patients. The effect of a case manager on linkage to HIV care in the South African context has 

been inconsistent: it improved linkage to care in a randomized trial in two provinces (Gauteng 

and Limpopo) amongst newly HIV positive diagnosed from mobile HIV counselling and 

testing units (213), but failed to show an improvement in HIV linkage to care amongst newly 

HIV diagnosed patients from hospital outpatient departments and primary health care 

facilities in Kwazulu-Natal (214). Both studies differed from this study in that all the case 

managers were trained in strength-based counselling while case managers in this study were 

not. Case manager interventions in the African context might need to address more than 

personal support to encourage linkage to care as the health system barriers impeding linkage 

to care efforts also exist. 

 

One intervention that managed to improve ART initiation was from a cluster randomised 

controlled trial study conducted in Uganda (215). The intervention study evaluated an 

intervention that addressed health system barriers by providing: 1) health provider 

behavioural training; and 2) point of care CD4 count test; modified counselling approach and 

feedback to facilities about ART initiation rates compared to other facilities. The intervention 

study showed an improvement in linkage to HIV care (215). Perhaps for the current case 

manager intervention to successfully link HIV positive patients into care, a health system 

component that targets both patient and health system barriers needs to be integrated into it. 

Another intervention that seemed to work used a combination of peer support and mHealth 

intervention. This was a cluster randomized controlled trial in primary health care clinics in 

South Africa, testing if two SMS interventions – SMS reminders and SMS reminders plus 

peer navigation to address barriers to HIV – could improve linkage to care amongst adults 

followed for 12 months. The study showed that retention in care over a 12 month period was 

higher in patients assigned to SMS plus peer navigation compared to standard of care with an 

odds ratio of 1.83 (95% CI: 1.01-3.33) (216).  

 

A strength of the case manager intervention was that it relieved the health providers of 

responsibilities such as patient and laboratory results follow-up as indicated by health care 



71 
 

providers. It provided personal support, encouragement and guidance to patients in terms of 

seeking care for TB and HIV. It enhanced communication between patients and the facility. 

The intervention was intended to help improve the adherence to Xpert MTB/RIF algorithm by 

health care workers for HIV positive patients who initially had a negative Xpert MTB/RIF 

result. The role of the case managers in this instance was to ensure that additional diagnostic 

tests were done as per the Xpert MTB/RIF testing algorithm. This was important as adherence 

to this algorithm was shown to be as low as 24% in South African PHC facilities (217). 

  

Weaknesses of the case manager intervention were that attempts to achieve timeous initiation 

of ART and TB treatment in patients were challenged by the differences in how the five 

facilities delivered TB and HIV care. In the provision of HIV care, these differences were 

firstly, the required number of days (3) that ART adherence counselling had to take place 

before a patient could be initiated on ART. The standard number of days for adherence 

counselling is three days. Adherence counselling in this study was either done over 2 days in 

some clinics or 3 days in other clinics and after this patients would still need to wait for weeks 

or more before they were initiated on ART. Secondly, facilities differed in the way that 

patients were booked for ART initiation, which depended on the number of people that a 

facility could initiate per week and how many days in week ART initiations took place. This 

decision by facilities to have maximum number of people that can start on ART each week 

was concerning as it meant that patients were turned away. This also led to patients with 

lower CD4 count not getting prioritised to start on ART or even TB patients living with HIV 

still had to wait for a month or so to be initiated on ART after TB treatment initiation. Lastly, 

the timing of ART initiation after TB treatment initiation in TB positive patients living with 

HIV also differed between facilities. This was due to health care workers further delaying the 

ART initiation for TB patients living with HIV to longer than the recommended two weeks 

even though patients’ CD4 counts were above 50 cells/mm3 because of fear of patients 

developing IRIS.  

 

One of the differences in the provision of TB care in the five facilities was that health care 

workers did not follow the TB diagnostic algorithm in referring patients for chest X-ray if 

they were HIV positive and had a negative Xpert MTB/RIF result as observed by case 

managers in this study. This meant that TB diagnosis in HIV positive patients with TB was 

delayed resulting in a delay in TB treatment initiation. The same findings were reported in a 

study assessing the adherence of health care workers to the TB diagnostic algorithm after a 

negative sputum result in South African PHCs (217). In the current study, case managers had 



72 
 

to push that these HIV positive patients got referrals to hospitals for chest X-rays. Another 

difference was that one of the five clinics referred patients with negative initial Xpert 

MTB/RIF test results to a provincial referral hospital to collect sputum specimens for culture 

testing. This decision did not align with national guidelines as primary health care clinics 

were expected to collect sputum for culture. This meant that TB diagnosis for some patients 

was delayed as these patients would only be able to travel to the hospital if they had money or 

the time to do so.  

 

New policies adopted might address some of the delays in ART initiation experienced during 

the implementation of this intervention. The case manager intervention was implemented at a 

time when the ART eligibility criterion in the country was CD4 count ≤ 350 cells/mm3. Since 

then, the eligibility criterion changed to CD4 count ≤ 500 cells/mm3 in 2015, with the 

adoption of the universal test and treat policy in 2016 whereby all HIV positive people are 

eligible to initiate on ART. The current policy adopted is fast track initiation counselling 

which has reduced adherence counselling prior to ART initiation from three days to only one 

day (218). 

 

5.2.3 mHealth intervention  

 

The mHealth intervention attempted to address the treatment delay and delivery of or access 

to TB results. Implementation of the intervention by PHC facility staff did not interfere with 

facility routine practices. Both providers and patients appreciated the intervention, and the 

delivery of laboratory results to both patient and clinic staff improved with the 

implementation of the intervention.  

 

The mHealth intervention removed the need for results to be physically delivered to the clinic, 

minimising the possibility of results getting lost while being transported from laboratory to 

clinic, when being filed or when SMS printers malfunction (68). This reduced the delay in 

receipt of laboratory results, contributing to a reduction in pre-treatment loss to follow-up (56, 

68). It also removed the need for patients with negative results and no symptoms suggestive 

of TB to return to facilities to access their results. This minimised the burden of taking time 

off work and reduced costs of unnecessary travel to a clinic. In South Africa, people 

undergoing TB investigation were shown to incur the highest income losses compared to 

people already on TB treatment (219). The intervention aimed to reduce the waiting period 
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from specimen submission to delivery of results by sending the results directly to the patient’s 

phone, potentially reducing the time to TB treatment start. 

  

Strengths of the intervention are that it provided real-time data capturing of TB investigation 

data and real-time access of laboratory results to both patients and providers. It also provided 

real-time monitoring of TB treatment initiation data by facility managers. The pin-protected 

method of results delivery protected patient’s data confidentiality and did not infringe on their 

privacy.  

 

Weaknesses of the mHealth intervention are that in the initial phases of implementation of the 

intervention, there was resistance from the providers to use the technology. Facility 

management would relocate staff from the designated TB consultation rooms to consultation 

rooms where assistance was most needed. This left the TB consultation room without an 

mHealth-trained provider. Use of the mHealth application requires patients to be literate or 

able to use cell phones. There needed to be constant monitoring to check if the application 

was delivering results and that there were no technical glitches; if results were not transmitted 

from the laboratory server to the application server, then patients would not receive their 

results. The use of a secret pin to access laboratory results prevented some patients from 

accessing the results as they forgot their secret pin. 

 

Within TB research, this intervention is the only study that sent laboratory results directly to 

patients. Another study done in South Africa looking to improve pre-treatment loss to follow-

up, evaluated the effect of two SMS interventions that served as reminders to patients 

undergoing TB investigation to return to the clinic for their TB test results. The study showed 

that patients that received SMS reminders encouraging them to return for TB test results were 

more likely to return to the clinic compared to the control group (220). Other previously 

tested interventions to improve TB treatment initiation and adherence include 1) provision of 

incentives and reminders to patients, 2) providing once-off incentives by calling patients 

before their appointments to return to collect their test results, and 3) the use of medication 

monitors and video-observed therapy (221, 222). These were shown to improve patient 

adherence to TB clinic appointments for diagnosis and treatment (222). A pilot study in India 

evaluated the feasibility of providing rural health care providers with an mHealth application 

to refer people with presumptive TB to microscopy centers for TB investigation. The study 

showed that health care providers that used the mHealth application referred more people for 

testing compared to those not using the application (223). Providing once-off incentives also 
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promoted the return of patients to collect their TB test results and initiate on TB prophylaxis 

treatment, or to continue taking TB treatment in special populations such as the homeless or 

drug users (224).  

 

In HIV research, a study in Swaziland tested whether the delivery of HIV laboratory results to 

remote clinics via text messaging improved turnaround time compared to delivery of paper 

reports to clinics but did not report on whether the intervention improved any patient 

outcomes (85). The study showed that sending results via text messaging shortened 

turnaround time. The findings are consistent with those of the mHealth intervention study as it 

showed an improvement in results turnaround time compared to recording in paper registers. 

In a Ugandan study, laboratory results were sent directly to patients. The study showed how 

literacy at enrolment was a predictor of whether a patient received their laboratory result or 

not and that patients receiving pin-protected results were less likely to receive their results 

(84). The difficulty in patients accessing their results when using a pin-protected method was 

similar to this study. Patients perceived that delivery of their laboratory results via text did not 

infringe on their privacy (225). This is also consistent with the findings of this study. A future 

possibility could be to include interactive voice recognition software in the application so 

people that forget their pin-codes could call in and the software would recognise their voice, 

therefore, providing them with test results. This future concept would need to be piloted first 

to ensure it does not infringe on participants rights or their privacy.  

 

5.3 Questions arising during the postgraduate research? 

 

A number of questions have surfaced during the course of this postgraduate research. Firstly, 

given that VA is designed to estimate the relative frequency of different causes of death at a 

population level rather than to identify the cause of death in an individual, what are the 

individual causes of death for people undergoing TB investigation? Secondly, would a 

modified case manager intervention that includes personalised counselling that identifies 

individuals barriers of linkage to HIV care and strengths that could overcome these be 

effective in improving linkage to care in this population? Thirdly, would continuous training 

of health workers on current management guidelines and providing managerial training to 

facility managers on adapting facilities to changing guidelines be effective in improving 

linkage to care in this population? Fourthly, would the mHealth intervention be effective in 

reducing time to TB treatment initiation, and would it be cost-effective to manage the 

software? Fifthly, would the implementation of the mHealth intervention be successful in 
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rural setting facilities? Lastly, would there be added value in integrating support from a case 

manager and using the mHealth application to provide TB results to patients? 

5.4 Limitations of the postgraduate research 

 

The causes of death sub-study used VA to determine CoD which is not as accurate as using 

pathological autopsy. The VA interpretations are stronger at describing the CoD profile at 

population-level data through cause-specific mortality fractions and not at individual-level. 

We were not able to conduct a VA for everyone who died and could thus have missed other 

causes of death which have implications on the profile of causes reported in this population. 

The cause of death sub-study was started at the end of the XTEND trial, and the two studies 

did not run concurrently. If these studies ran simultaneously, it could have assisted with 

conducting a lot more verbal autopsies with caregivers than what is currently reported.   

 

A limitation of the case manager study is that as a pilot study, it did not have a “standard of 

care” comparison group and could not therefore formally determine if the strategy made a 

difference or not. The study also did not collect baseline data from the six clinics which could 

have allowed for a pre- and post-intervention implementation comparison. The findings of 

this study cannot be generalised to the entire country but only to settings with similar living 

conditions. We also were unable to enrol all the patients to reach the planned sample size 

target, but were nevertheless able to report the findings. The study had a short implementation 

period which also contributed to low enrolment numbers. The limitations of the qualitative 

interviews conducted after implementation of the case manager intervention were that we 

could not interview all of the sampled patients that did not link into care even after multiple 

attempts to schedule an appointment. This translated into the study not reaching theme 

saturation. Participants did not vary sufficiently by gender to explore gender differences 

which are known to impact care-seeking in South Africa, nor did the sample distribution 

enable comparison by provincial context. 

 

A limitation of the mHealth intervention was that it was conducted in two clinics only in an 

urban setting which means results cannot be generalised to rural settings. The study did not 

collect data about where a phone was shared or not. This information could have assisted in 

understanding our study population better for future research. The study had a short 

implementation period where the application was running with only a few system glitches. 

This resulted in the low number of data used for analysis. The application was not able to 

send results to everyone who requested their results via text messaging either because: 1) 
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patients had forgotten their secret pin codes; 2) patients were not able to follow the 

instructions previously provided by the research team to access their results and; 3) the 

laboratory server did not send results into the application server. The application also required 

an individual to be literate in order to access their results which meant illiterate people could 

not access their results without help from other people. The application was not utilised 

optimally by facility managers to review daily facility TB statistics which was due to lack of 

internet connectivity in the facilities. Finally, the text messages were only available in English 

which meant that some people did not understand the content of the messages sent.   

 

5.5 Strengths of the postgraduate research 

 

A major strength of the cause of death study is that it was nested within a larger pragmatic 

trial. The population was a large systematic sample of adults being investigated for TB in a 

real-world setting conducted across rural, urban and peri-urban settings, making our results 

likely to represent causes of death in adults being investigated for TB in similar settings. The 

study also managed to perform the majority of VA interviews within one year of death which 

made it easier for respondents to recall exact events leading to a participant’s death.  

 

Strengths of the case manager study included prospectively enrolling a representative sample 

of adults being investigated for TB from five clinics in two provinces of the country which are 

diverse in living conditions and population and likely to be representative of urban and peri-

urban practices in South Africa. The intervention was implemented as intended with 555 

contact attempts made to participants needing linkage to care. The qualitative interviews 

conducted with interviewed patients, case managers and providers after implementation of the 

case manager intervention, provided an overview of perspectives of the facilitators and 

barriers of implementing a case management strategy in the primary health care clinics in 

South Africa.  

 

One of the strengths of the mHealth intervention study was that it was tested in primary health 

care settings in the country and was fully operated by public health care providers. An 

additional strength of the mHealth application was that it was able to document TB evaluation 

data and provide in real-time TB test results to health care providers in two busy public sector 

primary care clinics. The qualitative interviews conducted after implementation of the 

mHealth application provided overall perspectives of the intervention by patients and 

providers. 
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5.6 Recommendations  

 

Adults undergoing TB investigation need to be aware of their HIV status as previous research 

has shown that people were more likely to die if they did not know their HIV status or were 

HIV positive and not on ART. Intensified TB screening also needs to be improved as the 

sensitivity of the current screening tool is suboptimal, and a diagnostic test for TB with high 

sensitivity and specificity that could be used in primary health care settings is a priority. The 

current VA assessment methodology needs to be improved to be able to categorise TB deaths 

correctly and include EPTB. This is important as previous research has reported that 88% of 

HIV-positive individuals with autopsy evidence of TB have disseminated disease and if VA 

methods do not classify EPTB as TB, a large number of TB deaths will be missed.  

Implementation of new support interventions that include placing an additional person in 

facilities should consider how this person will work with existing health providers. It is also 

important to consider that the presence of additional people to assist with intervention 

activities in health facilities might seem to facility staff that additional assistance has been 

provided to assist with facility duties. These people will therefore end up performing facility 

related duties in addition to their intervention related duties. Additionally, it should be taken 

into account that facilities provide care in different ways and different challenges will be 

encountered in different facilities and any additional person placed in facilities will need to 

navigate these challenges in order to perform their daily duties. Case manager support 

interventions for linkage to HIV care should address both patient and health-system level 

factors in order to succeed in addressing the challenge of linkage to HIV care.   

Implementation of mHealth interventions to facilitate TB treatment initiation of adults being 

investigated for TB within the health system will bring new challenges that would need to be 

addressed. When implementing mHealth interventions in a facility, it is important to take into 

account the behavioural aspect of the providers who will use the technologies as some 

providers might not want to use such interventions. These providers will need additional 

support for them to warm up to these new technology interventions. Implementation of such 

interventions should also take into account how facilities are run in order to integrate these 

technologies into routine settings and processes. These interventions would include retraining 

of, and ongoing refresher training for health providers to allow for technophobic health 

providers to adapt to the new technologies. Implementation also requires ongoing monitoring 

to check if these systems are working properly and to quickly identify technical glitches that 
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prevent them from delivering what they were designed to do. The most important aspect of 

developing or implementing mHealth interventions is that they should ultimately be suitable 

for integration into already existing TB programme systems; hence relevant stakeholders 

within TB programmes should be involved when they are developed and tested. Future 

interventions to improve TB treatment initiation need to focus on how to improve patients’ 

clinic experience and empower patients to seek care.  

 

5.7 Recommendations for future research  

  

Additional research on identifying a more sensitive and specific TB screening tool is needed. 

A CoD study using pathological autopsy on adults being investigated for TB attending PHCs 

to identify causes of death at an individual level would help confirm or refute these findings. 

Additional work on how to modify the InterVA software to identify and classify extra-

pulmonary TB as a CoD is needed. Additional work is needed on whether using support 

interventions, lay workers for example, with ongoing training of facility staff on updated HIV 

and TB management guidelines, managerial training to facility managers to enable facilities to 

adapt to changing guidelines as well as providing longitudinal counselling to patients in order 

to identify their personal barriers of linkage to care and strengths to overcome these, will be 

effective in linking patients into HIV care. Feasibility studies of these enhanced support 

interventions should be done initially to test the ideas before efficacy studies are conducted. 

For mHealth interventions, research is required to determine if providing TB results to 

patients could include interactive voice recognition or biometric software to assist illiterate 

patients to access their results. Larger trials are needed to assess the effectiveness of mHealth 

intervention that provide TB results via text messages on time to treatment initiation, as well 

as the cost-effectiveness of such interventions within the health system. Lastly, the feasibility 

and acceptability of using mHealth interventions in rural settings need to be tested.  

 

5.8 Conclusion 

 

This research has determined CoD amongst adults being investigated for TB in PHC clinics in 

South Africa using verbal autopsy. These findings indicate that TB is the leading CoD based 

on verbal autopsy data using either PCVA or InterVA-4 for adults being investigated for TB. 

The findings indicate that the current TB diagnostic pathway is inadequate as people with TB 

disease may still be missed or commenced on treatment too late. HIV was identified as the 
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second most common CoD, pointing to the importance of integrated TB and HIV care and 

linkage into care for both diseases. The health service through implementation science 

research needs to find ways to facilitate access to TB and HIV care for persons who need to 

navigate both services.  

 

The findings from this thesis also suggest that support interventions using lay case managers 

to link adults undergoing TB investigation into HIV care and TB treatment initiation might 

improve TB treatment initiation. However, this kind of support alone is not adequate to assist 

HIV positive patients in linking to HIV care. The successful linkage to care for people living 

with HIV is a complex process and is dependent on patient and health system factors. Hence, 

future support interventions should address both patient and health system factors. 

 

Finally, mHealth applications could take the place of current paper-based TB care programme 

case-finding tools, and may substantially improve results turn-around time and management 

of TB within the programme. These applications may empower patients with direct receipt of 

TB results. Implementation of mHealth interventions to support and improve TB care has the 

potential to improve patient-level outcomes, and large-scale evaluations of this technology are 

urgently required.     
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APPENDIX A: ROLE OF STUDENT 
I have been involved in all aspects of the three studies that comprise this thesis: Verbal autopsy study (Causes of death); a pilot study to evaluate 

the feasibility and acceptability of using a case manager to improve linkage to TB and HIV care amongst people investigated for TB in South 

Africa, (Case manager); and Development and implementation of mHealth-based clinical decision support messaging for health care workers 

and patients in the initial investigation of tuberculosis (mHealth). My role in each of the studies is summarized in the table below. 

Study Name  Study 

design  

Aim  Objectives  Study sites Student Role in studies and manuscript 

development 

Determining causes of 

death amongst people 

undergoing TB 

investigation using verbal 

autopsy in South Africa 

Cross-

sectional 

Determining all-cause 

mortality amongst 

adults being 

investigated for TB 

To determine causes of 

death using verbal 

autopsy amongst cohort 

of patients being 

investigated for TB. 

(Paper I) 

Communities across 

four provinces 

Eastern Cape, 

Gauteng, Free state 

and Mpumalanga  

Developed data collection tools, database 

design, submissions to ethics, engaging 

stakeholders, data collection, data cleaning, 

analysis, training of research teams and 

supervision. Analysed data, wrote first draft 

of the manuscript and revised the 

manuscript.   

A pilot study to evaluate 

the feasibility and 

acceptability of using a 

case manager to improve 

linkage to TB and HIV 

care amongst people 

investigated for TB in 

Prospective 

cohort study 

design 

Determining the 

feasibility and 

acceptability of a case-

manager to improve 

linkage to TB and HIV 

care for people being 

investigated for TB.   

 

To assess the feasibility 

and acceptability of a 

case-manager strategy 

to improve linkage to 

TB and HIV care in 

patients being 

investigated for TB at 

Six  primary health 

care facilities across 

two provinces 

[Mpumalanga and  

Gauteng] 

Developed protocol, informed consent 

forms, data collection tools, database design, 

submissions to ethics. Engaged stakeholders. 

Conducted data collection, data cleaning, 

analysis, training of research teams and 

supervision. Contributed to the development 

of final report to funder. Wrote first draft of 

the manuscript, revised the manuscript. 
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primary health care 

facilities in South Africa  

primary health care 

facilities. (Paper II) 

Development and 

implementation of 

mHealth-based clinical 

decision support 

messaging for health care 

workers and patients in 

the initial investigation of 

tuberculosis in primary 

health care facilities in 

South Africa. 

Prospective 

cohort study 

Determining 

feasibility and 

acceptability of a 

mHealth-intervention 

that relays sputum TB 

results with tailored 

clinical decision 

support messaging 

from laboratory to 

health care workers 

and patients. 

 To develop software 

(mobile applications, 

data interface and 

backend database) to 

ensure rapid delivery 

of sputum results from 

laboratory services  

 To develop text 

messaging (SMS) 

strategies by which 

patients will be 

informed of their 

sputum results. 

(Paper III) 

Two primary health 

care facilities across 

in Johannesburg  

Assisted with mhealth application design, 

submissions to ethics, engaging 

stakeholders. Conducted training of research 

teams and supervision, data collection, data 

cleaning and analysis. , Developed final 

report to funder. Wrote first draft of the 

manuscript, revised the manuscript. 
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Background: Adults being investigated for TB in South Africa experience high mortality, yet causes of death
(CoD) are not well defined. We determined CoD in this population using verbal autopsy (VA), and compared
HIV- and TB-associated CoD using physician-certified verbal autopsy (PCVA) and InterVA-4 software.

Methods: All contactable consenting caregivers of participants who died during a trial comparing Xpert MTB/
RIF to smear microscopy were interviewed using the WHO VA tool. CoD were assigned using PCVA and
InterVA-4. Kappa statistic (K) and concordance correlation coefficient (CCC) were calculated for comparison.

Results: Among 231 deaths, relatives of 137 deceased were interviewed. Of the 137 deceased 76 (55.4%)
were males, median age 41 years (IQR 33–50). PCVA assigned 70 (51.1%) TB immediate CoD (44 [62.8%] pul-
monary TB; 26 [37.1%] extra-pulmonary TB); 21 (15.3%) HIV/AIDS-related; and 46 (33.5%) other CoD.
InterVA-4 assigned 48 (35.0%) TB deaths; 49 (35.7%) HIV/AIDS-related deaths; and 40 (29.1%) other CoD.
Agreement between PCVA and InterVA-4 CoD was slight at individual level (K=0.20; 95% CI 0.10–0.30) and
poor at population level (CCC 0.67; 95% CI 0.38–0.99).

Conclusions: TB and HIV are leading CoD among adults being investigated for TB. PCVA and InterVA agree-
ment at individual level was slight and poor at population level. VA methodology needs further development
where TB and HIV are common.

Keywords: Causes of death, InterVA, Physician assigned verbal autopsy, Tuberculosis, Verbal autopsy

Introduction
TB is a leading cause of death in South Africa1 and is a public
health priority, with an estimated 380 0002 cases in 2013, among
whom 62% were also living with HIV.3 WHO has set global tar-
gets to reduce TB mortality by 75% in 2025 compared to 2015
figures as a baseline.2 To track the reduction in TB mortality,
accurate data on numbers of TB deaths are needed. Cause of
death is most accurately assigned using pathological autopsy.4

However, pathological autopsies are logistically difficult and rarely
performed. In areas where not all deaths occur in health facilities
and causes of death are not determined, poor vital statistics, as
well as the need to better understand the distribution of cause of
death at population level, have led to verbal autopsy (VA) being
used to estimate cause of death. This involves interviewing care-
givers about the signs, symptoms, medical history and circum-
stances surrounding an individual’s death.5 VA interview data can
be interpreted to estimate cause of death using methods such as
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physician-certified verbal autopsy (PCVA) and computer-coded
verbal autopsy (CCVA), with PCVA being the most widely used
method. CCVA uses software that employs algorithms and prob-
abilistic methods (including InterVA-4 [http://www.interva.net/]),
while the PCVA method involves at least two physicians examin-
ing each record and attempting to reach a consensus on cause
of death using codes from the 10th version of the International
Classification of Diseases (ICD-10).6,7

The XTEND trial, a pragmatic cluster-randomised trial embed-
ded in the South African national roll-out of Xpert MTB/RIF, com-
pared mortality over six months among adults investigated for TB
using Xpert MTB/RIF vs smear microscopy as the initial diagnostic
test.8 XTEND found high mortality in adults being investigated for
TB, with no difference in mortality at 6 months between the study
arms.8 The cohort of XTEND participants who died, presented a
unique opportunity to evaluate VA methodologies in a cohort with
high TB/HIV prevalence. The aim of this paper was to use VA to
assign cause of death, among adults being investigated for TB
with a particular interest in TB, and to compare cause of death
assigned by PCVA to that assigned by a CCVA method (InterVA-4).

Methods
XTEND study
The parent XTEND trial is described in detail elsewhere.8 Between
June and November 2012, a representative sample of 4656 con-
senting participants who were ≥18 years, planning to live in the
study catchment area for more than 8 months, identified by clinic
staff as needing investigation for TB and providing sputum for TB
testing were enrolled into the study. At enrolment, participants
provided contact details and those of close relatives or friends.
Vital status was ascertained by contacting participants, their next
of kin or friends by telephone and, if necessary, conducting home
visits. Vital status of participants was further ascertained by
reviewing the Department of Home Affairs vital statistics register.

Verbal autopsy
All XTEND participants who died during the study were eligible for
the VA sub-study, including some who died more than 6 months
post-enrolment and hence did not contribute to the XTEND primary
outcome. Demographic details and past medical history of
deceased participants were extracted from the XTEND database,
but were not available to staff doing VA interviews nor to physicians
assigning cause of death. The XTEND database also included case
note reviews where TB treatment start dates and antiretroviral
treatment (ART) start dates were obtained. Caregivers, defined as a
relative or friend closely associated with the participant at time of
death, were invited to participate by telephonic contact, or if unsuc-
cessful, home visit. Lay counsellors, trained in administering the
standardized 2012 WHO VA tool and in grief counselling, adminis-
tered the questionnaire. The tool comprised of closed questions
with ‘yes’, ‘no’, or ‘don’t know’ responses and a narrative section.
The caregiver recounted the events leading up to the participant’s
death, detailing information about the deceased’s signs, symp-
toms, medical history, and circumstances preceding death in the
narrative section.5 Time from enrolment to death was defined as
period from enrolment to date of death. Time from enrolment to

TB treatment initiation was the period from enrolment to date of
TB treatment initiation and time from enrolment to ART initiation
was the period from enrolment to date of ART initiation.

Interpretation of verbal autopsies using PCVA
PCVA involved two physicians independently assigning immediate
and underlying cause of death using ICD-10 guidelines, based on
VA data, including the caregiver’s narrative for each decedent.
Where different immediate or underlying causes of death were
assigned by the physicians, a consensus meeting was held; if no
consensus was reached, the case was referred to a third independ-
ent physician. If still no consensus was reached, the case was clas-
sified ‘indeterminate’. Physicians were aware that all decedents
were participants in the XTEND trial and had been investigated for
TB. For individual cause of death analysis, the following ICD-10
codes were considered to be HIV-related deaths: B20 (HIV result-
ing in infectious and parasitic diseases), B21 (HIV disease resulting
in malignant neoplasms), B22 (HIV disease resulting in other speci-
fied diseases), B23 (other conditions associated with HIV) and B24
(unspecified HIV disease). ICD-10 codes A15 (respiratory TB, bac-
teriologically and histologically confirmed) and A16 (respiratory TB,
not confirmed bacteriologically or histologically) were categorised
as pulmonary TB (PTB) while A17 (TB of nervous system), A18 (TB
of other organs) and A19 (miliary TB) as extra-pulmonary TB
(EPTB).9 Individual cause of death assigned by PCVA were pro-
cessed further using mortality medical data system (MMDS) soft-
ware, which generates underlying cause of death from multiple
causes of death.10 The output generated by MMDS was cate-
gorised into WHO 2012 VA causes of death groups; cause specific
mortality fractions were calculated by dividing the number of
deaths assigned to a group by the total number of deaths.5,10

Interpretation of verbal autopsies using InterVA-4
InterVA version 4.03 RC1 is software that uses Bayesian probabil-
istic theory to assign cause of death. The software generates up
to three probable causes of death for each case based on a pre-
determined algorithm with the cause of death assigned the high-
est likelihood being referred to as the most probable cause of
death.11–13 VA data were imported into InterVA-4, set at high HIV
and low malaria prevalence for our study setting. InterVA-4
assigns only PTB as a TB-related cause of death, classifying all
EPTB as ‘other unspecified infectious diseases’. Specificity of
InterVA-4 in assigning HIV-related cause of death has previously
been reported to be 90.1% (95% CI 88.7–91.4%).14 The probable
cause of death generated for each individual were further pro-
cessed to generate population cause specific mortality fractions.

All respondents gave written informed consent, or witnessed
verbal consent if unable to read and write.

Comparing InterVA-4 and PCVA
The two methods assign a wide range of cause of death but for
this study we concentrated on HIV/AIDS- and TB-related deaths.
At individual level, we focused on the most probable cause of
death assigned by InterVA-4, compared with underlying cause
of death generated by MMDS for PCVA. For TB deaths, we com-
pared PTB deaths assigned by PCVA and by InterVA-4. For HIV
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deaths, ICD-10 codes (B20–24) assigned by physicians were
grouped together and compared with HIV/AIDS-related deaths
assigned by InterVA-4. For individual causes of death assigned,
the level of agreement between the two methods was esti-
mated using Cohen’s kappa (Κ) statistic with a 95% CI. Κ=1
would indicate perfect agreement, and Κ=0 would indicate
agreement no better than chance.15 Cause specific mortality
fractions generated by the two methods were compared using
Lin’s concordance correlation coefficient (CCC) which ranges
from −1 to +1 with +1 being perfect agreement and 0 showing
no agreement.16 All analyses were done using Stata (version 13,
Stata Corp LP, College Station, TX, USA).

Results
A total of 231 XTEND participants died between 8 June 2012
and 31 June 2013. From 1 August to 29 November 2013, 231
interviews were attempted with caregivers. Of these 138

(59.8%) were completed; 68 (29.4%) caregivers could not be
traced and 25 (10.8%) refused to be interviewed. Interviews
were conducted within a median time of 11 months (IQR 8–12
months) after deaths had occurred. One interview was excluded
due to a missing narrative section leaving 137 for analysis.
Among the 137 decedents, 76 (55.4%) were male and the
median age was 41 years (IQR 33–50). Ninety-seven (70.8%)
had self-reported being HIV-positive with median self-reported
CD4 count 118 (IQR 52–290) cells/μL. Baseline characteristics of
those who were included were similar to those who were not
included except for number of TB symptoms reported at enrol-
ment (Table 1). Furthermore there was no difference in time
from enrolment to death between the two groups. A total of 41
participants were started on TB treatment and 28 (20.4%) had
a VA done. Median time from enrolment to TB treatment was
11 days (IQR 7–33) in those with a VA vs 15 days (IQR 5–30) in
those without a VA; this did not differ between the two groups.
A total of 162 participants self-reported being HIV-positive in

Table 1. Characteristics of deceased participants who had verbal autopsy vs those who did not

Variables Verbal autopsy done Verbal autopsy not done p-value

Characteristics at baseline n=137 n=94

Male gender, n (%) 76 (55.4) 57 (60.6) NS
Age, years (median, IQR) 41 (33–50) 37 (31–48) NS
Country of origin, n (%)a

South Africa 128 (93.4) 84 (89.4)
Non-South African 9 (6.5) 9 (9.6) NS

Self-reported HIV status at enrolment, n (%)a

Positive 97 (70.8) 65 (69.1)
Negative 15 (10.9) 11 (11.7)
Unknown 25 (18.2) 17 (18.1) NS

Self-reported CD4 count (median, IQR)a 118 (52–290) 199 (103–253) NS
No. of TB symptoms reported at enrolment, n (%)a

0 0 (0) 2 (2.1)
1 15 (10.9) 4 (4.3)
2 34 (24.8) 16 (17.0)
3 38 (27.7) 36 (38.3)
4 50 (36.5) 35 (37.2) 0.05

Body mass index (kg/m2)a

<18.5 26 (18.9) 22 (23.4)
18.5–24.9 74 (54.0) 56 (59.5)
25–29.9 20 (14.6) 8 (8.5)
30+ 17 (12.4) 7 (7.4) NS

HIV and TB treatment initiation, death
Time from enrolment to death, days (median, IQR)b 64 (31–115) 57 (28–113) NS

No. started on TB treatment, n (%)
Overall n=41 (17.7%) 28 (20.4) 13 (13.8) NS

Time from enrolment to TB treatment initiation, days (median, IQR) 11 (7–33) 15 (5–30) NS
No. started on ART after enrolment, n=35 (%) 23 (65.7) 12 (34.2) NS
Time from enrolment to ART initiation, days (median, IQR) 25 (9–48) 15 (8–40) NS

ART: antiretroviral therapy; NS: not significant.
a Data missing for one participant in the group without a verbal autopsy.
b Data missing for 12 participants.
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the study and 61 (37.6%) had evidence of being initiated on
ART. Of the 61, 35 (57%) started ART after enrolment into
XTEND. Median time from enrolment to ART initiation was not
different between the groups (Table 1).

PCVA assigned cause of death
PCVA assigned immediate and underlying cause of death for
134 (98.0%) VAs; three (2.2%) VAs were indeterminate
(Table 2). Of the 134 with a cause of death, 95 (70.9%) were
assigned without requiring a consensus meeting and 39
(28.5%) after a consensus meeting. Among the 137 decedents,
the most common immediate cause of death assigned was TB
(70 decedents, 51.1%). Of these 70 TB deaths, 44 (63%) were
attributed to PTB, of which eight (18%) were classified as bac-
teriologically confirmed as reported on VA. EPTB was assigned
as cause of death in 26/70 (37%) TB deaths. Of these, 11 (42%)
were TB of the nervous system, 10 (38%) miliary TB and 5
(19%) TB of other organs; 57/70 (81%) of those assigned an
immediate TB cause of death were assigned an underlying HIV
cause of death by the physicians. HIV/AIDS-related immediate
cause of death were assigned in 21/137 (15.3%) decedents;
gastrointestinal diseases in seven (5.1%) decedents; pneumonia
in five (3.6%); cardiac disease and respiratory ailments in four
(3.0%) each; renal failure and malignant neoplasm in three
(2.0%) each; while liver disease and intentional self-harm were
in two (1.5%) each (Table 2). Cause specific mortality fractions

were calculated after PCVA causes of death were processed by
MMDS software: HIV/AIDS-related deaths accounted for 66.4%
of PCVA deaths; PTB for 9.5%; cardiac disease for 2.9%; and
malignant neoplasms, gastrointestinal diseases and accident/
self harm for 2.2% each (Table 3).

InterVA-4 assigned cause of death
InterVA-4 assigned cause of death to 136 (99.2%) decedents;
one (0.7%) was classified as indeterminate. Of the 137 dece-
dents, 48 (35.0%) were assigned a most probable cause of
death of PTB, 49 (35.7%) an HIV/AIDS-related cause, and 14
(10.2.%) a malignancy-related cause of death. Only one dece-
dent was assigned an ‘other unspecified infectious diseases’
cause of death by InterVA-4 (Table 2). InterVA-4 assigned 16
decedents with more than one cause of death, 13 were
assigned two, and three were assigned three causes of death.
Of the 16 with more than one cause of death, three (18.7%)
had HIV as a less probable cause and four (25.0%) had TB as
less probable cause of death. Only one decedent with a most
probable cause of death of PTB had HIV assigned as a less prob-
able cause and also one with HIV as a most probable cause of
death had PTB assigned as a less probable cause. InterVA-4
cause specific mortality fractions were calculated using all
assigned causes of death: PTB accounted for 33.2% of deaths;
HIV/AIDS for 32.8%; malignant neoplasms for 9.6%; and
respiratory ailments for 4.9% (Table 3).

Table 2. Immediate cause of death assigned by physician-certified verbal autopsy compared with ‘most probable’ cause of death assigned by
InterVA-4 (n=137)

Physician-certified verbal autopsy InterVA-4

Cause of death n (%) n (%)

Pulmonary TB 44 (32.1) 48 (35.0)
Not bacteriologically-confirmed 36 (26.0) NA
Bacteriologically-confirmed 8 (6.0) NA

Extrapulmonary TB 26 (19.0) NA
TB of nervous system 11 (8.0) NA
Miliary TB 10 (7.0) NA
TB of other organs 5 (4.0) NA

HIV/AIDS-related deaths 21 (15.3) 49 (35.7)
Gastrointestinal diseases 7 (5.1) 4 (3.0)
Pneumonia 5 (3.6) 4 (3.0)
Cardiac disease/failure 4 (3.0) 5 (3.6)
Respiratory ailments 4 (3.0) 2 (1.5)
Renal failure 3 (2.0) 1 (0.7)
Malignant neoplasm 3 (2.0) 14 (10.2)
Liver diseases 2 (1.5) 1 (0.7)
Intentional self-harm/poisoning 2 (1.5) 1 (0.7)
Meningitis 1 (0.7 ) 0 (0.0)
Indeterminate/unspecified 4 (3.0) 1 (0.7)
Other 11 (8.0) 7 (5.1)
Total 137 137

NA: not applicable.
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Comparing InterVA-4 and PCVA cause of death
A direct comparison of the single underlying cause of death
assigned by MMDS for PCVA and the most probable cause of
death assigned by InterVA-4 showed agreement in 65/137
(47.4%) decedents with kappa statistic 0.20 (95% CI 0.10–0.30);
representing slight agreement (Table 4). Comparison of cause
specific mortality fractions assigned by PCVA and InterVA
showed a CCC of 0.67 (95% CI 0.38–0.97), which was poor
(Table 3).

Discussion
The XTEND study is the largest cohort to date of adults being
investigated for TB. In this sub-study, we used VA to investigate
cause of death, which showed that about half (51% based on

PCVA and 35% based on InterVA-4) the deaths were attributed
to TB. These findings might be surprising as these were people
accessing health care who had investigation for TB initiated and
who had submitted at least one sputum specimen for smear
microscopy or Xpert MTB/RIF. Though one might hope that peo-
ple who had TB investigations initiated should not die of TB,
some patients may have already been very sick at the time TB
investigation was initiated, as illustrated by the 18.9% with BMI
<18.5 and the 64.2% reporting three or four TB symptoms. If
these cause of death data are correct, it suggests that persons
are presenting for care too late, or that the current health sys-
tem is failing to identify and treat persons who have TB, or both.
It could also be that the health system is too slow to diagnose
TB, resulting in delays in TB treatment initiation. This latter pos-
sibility was suggested by data from the XTEND trial which
showed median time to starting TB treatment of 7 days8 which
is a little longer than the Department of Health recommended
2–5 days.17 HIV-related disease was the second most common
cause of death, consistent with absence of ART at enrolment
being a risk factor for death among XTEND participants.8

Adults being investigated for TB have been studied far less
often than those starting TB treatment, and where cause of
death data exist, they are generally from hospitals rather than
primary health care clinics. The high proportion of deaths attrib-
utable to TB was similar to studies using pathological autopsy
to assign cause of death. An autopsy study in South Africa
among hospitalised HIV-positive adults either on, or eligible for,
ART showed that 66% died of TB, while only 27% were on TB
treatment at time of death and 33% had never been treated for
TB prior to death.18 In Zambia, a study amongst hospitalised
adults, mostly HIV-positive (81%), reported that 62% of deaths
were attributed to TB and 26% were never treated for TB prior
to death.19 A recent systematic review among HIV-positive
adults and children reported that TB was a primary cause of
death in 91.4% (95% CI 85.5–97) of those diagnosed at aut-
opsy.20 Another study in South Africa seeking to understand
cause of death among ART initiators dying in hospital using VA
and hospital case reviews also reported similar findings where
mortality attributable to TB was 44.3%.21

Our study compared PCVA and InterVA-4 methods of assign-
ing cause of death at individual and population level. The major-
ity of studies comparing these methodologies have been done
in community settings in health and demographic surveillance
system sites where VAs are done for all persons who die. In our
study, when comparing immediate and most probable cause of
death, PCVA assigned more deaths to TB than InterVA-4. This
could be because InterVA-4 can only assign PTB as a TB-related
death and assigns EPTB to other infectious diseases, while PCVA
allows deaths to be assigned as either PTB or EPTB, so EPTB
deaths are not misclassified. PCVA and InterVA-4 models have
been compared in other populations and have shown fair to
moderate agreement.22–24 A study conducted in a health and
demographic surveillance system in Kenya, collecting data on
cause of death over a 6 year period amongst children <5 years
and adults aged ≥18 years, showed that PCVA assigned 9.9% of
deaths to PTB and 34% to HIV/AIDS while InterVA assigned 31%
to PTB and 16% to HIV/AIDS (Κ=0.27, 95% CI 0.25–0.30).22 In
Ethiopia, data on cause of death collected over a 2 year period
from adults aged ≥14 years in a health and demographic

Table 3. Comparison of cause specific mortality fractions as
assigned by physician certified verbal autopsy and mortality
medical data system and InterVA-4

Cause of death PCVA CSMF (%) InterVA-4 CSMF (%)

HIV/AIDS related 66.4 32.8
Pulmonary TB 9.5 33.2
Cardiac diseases 2.9 2.9
Malignant neoplasm 2.2 9.6
Gastrointestinal diseases 2.2 0.5
Accident/self-harm 2.2 0.7
Diabetes mellitus 1.5 1.0
Respiratory ailments 1.5 4.9
Liver diseases 1.5 1.0
Other diseases 8.0 6.2
Unknown 2.2 7.4
Total 100 100

CSMF: cause specific mortality fractions; PCVA: physician-certified
verbal autopsy.
Concordance correlation coefficient: 0.67 (95% CI 0.38–0.97).

Table 4. Agreement between ’most probable’ cause of death
assigned by InterVA-4 and single underlying cause of death
assigned by physician-certified verbal autopsy and mortality
medical data system for 137 deceased XTEND participants

Physician-certified verbal autopsy

InterVA-4 TB HIV Other Total
TB 10 32 6 48
HIV 1 38 10 49
Other 2 21 17 40
Total 13 91 33 137

Cohen’s kappa: 0.20; 95% CI 0.10–0.30.
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surveillance system showed that PCVA assigned 23% to PTB
and InterVA-3 assigned 36% deaths to PTB (Κ=0.5, 95% CI
0.4–0.6).23 When comparing cause specific mortality fractions
assigned by PCVA and InterVA, InterVA assigned more TB than
PCVA. This is largely because ICD-10 coding rules require that
assignment of a single cause of death in individuals with
immediate cause of death of TB and underlying cause of death
of HIV be classified as an HIV/AIDS-related death.9 This
resulted in 57 (81%) of immediate TB deaths assigned at indi-
vidual level being classified as HIV/AIDS-related deaths after
processing by the MMDS software. A recent study done in Asia
and Africa comparing VA cause of death as assigned by PCVA
and InterVA-4 also reported a CCC of 0.83 (95% CI 0.75–0.91)
between the methods which was higher than the 0.67 found in
our study.25

PCVA assigned more immediate PTB cause of death in our
study compared to health and demographic surveillance system
studies, most likely because our study included people with
symptoms suggestive of TB who were identified by clinic staff as
needing TB investigation. It is also possible that, because the
physicians who interpreted the VAs knew that all study partici-
pants were being investigated for TB, this could have biased
them to choose TB as a cause of death.

A major strength of our study is that our study population
was a large systematic sample of adults being investigated for
TB in a real-world setting. Our results can be generalised to
adults being investigated for TB in similar settings and also to
people with TB symptoms severe enough to need investigation.
We also managed to perform the majority of VA interviews
within one year of death which made it easier for respondents
to recall exact events leading to a participant’s death.

A study limitation is that we could not conduct a VA for
everyone who died, and could thus have missed other causes of
death which has implications on the profile of causes reported
in this population. A higher proportion of decedents who had VA
done had started TB treatment compared to those who died
but did not have a VA done. Those who were on TB treatment
would have been easier to contact because they were already
in care, therefore overestimating TB as a cause of death in the
study.

Our findings show that when interpreting VA data using
either PCVA or InterVA-4 for adults being investigated for TB, TB
is a leading cause of death. These results also suggest that the
current TB diagnostic pathway is inadequate as people with TB
disease may still be missed or commenced on treatment too
late. The fact that HIV was identified as the second most com-
mon cause of death points to the importance of integrated TB
and HIV care and linkage into care for both diseases. The health
service through implementation science research needs to find
ways to facilitate access to TB and HIV care for persons who
need to navigate both services. We recommend that adults
being investigated for TB need to be aware of their HIV status,
as data from XTEND also showed that people were more likely
to die if they were HIV-positive and not on ART or if their HIV
status was unknown.8 Intensified TB screening also needs to be
improved as the sensitivity of the current screening tool is sub-
optimal and a diagnostic test for TB with high sensitivity and
specificity that could be used in primary health care settings is a
priority. We also recommend that current CCVA methods should

be improved to include EPTB. Research has shown that 88% of
HIV-positive individuals with autopsy evidence of TB have disse-
minated disease20; if VA methods do not classify EPTB as TB, a
large number of TB deaths will be missed.
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Abstract
Objectives  We piloted an intervention to determine if 
support from a case manager would assist adults being 
investigated for tuberculosis (TB) to link into TB and HIV 
care.
Design  Pilot interventional cohort study.
Participants and setting  Patients identified by primary 
healthcare clinic staff in South Africa as needing TB 
investigations were enrolled.
Intervention  Participants were supported for 3 months 
by case managers who facilitated the care pathway by 
promoting HIV testing, getting laboratory results, calling 
patients to return for results and facilitating treatment 
initiation.
Outcomes measured  Linkage to TB care was defined 
as starting TB treatment within 28 days in those with a 
positive test result; linkage to HIV care, for HIV-positive 
people, was defined as having blood taken for CD4 count 
and, for those eligible, starting antiretroviral therapy within 
3 months. Intervention implementation was measured by 
number of attempts to contact participants.
Results  Among 562 participants (307 (54.6%) female, 
median age: 36 years (IQR 29–44)), most 477 (84.8%) 
had previously tested for HIV; of these, 328/475 (69.1%) 
self-reported being HIV-positive. Overall, 189/562 (33.6%) 
participants needed linkage to care (132 HIV care linkage 
only; 35 TB treatment linkage only; 22 both). Of 555 
attempts to contact these 189 participants, 407 were to 
facilitate HIV care linkage, 78 for TB treatment linkage 
and 70 for both. At the end of 3-month follow-up, 40 
participants had not linked to care (29 of the 132 (22.0%) 
participants needing linkage to HIV care only, 4 of the 35 
(11.4%) needing to start on TB treatment only and 7 of the 
22 (31.8%) needing both).
Conclusion  Many people testing for TB need linkage to 
care. Despite case manager support, non-linkage into HIV 
care remained higher than desirable, suggesting a need to 
modify this intervention before implementation. Innovative 
strategies to enable linkage to care are needed.

Background 
People being investigated for tubercu-
losis  (TB) are not linking into TB and HIV 
care. Studies done in South Africa have shown 

that 11%–25% people with positive sputum 
results have ‘pre-treatment loss to follow-up’, 
defined as not starting on TB treatment either 
at all, or within a month of sputum submis-
sion.1–3 More recently the XTEND (Xpert 
for TB-Evaluating a New Diagnostic) trial, 
a pragmatic cluster-randomised controlled 
trial comparing smear microscopy versus 
Xpert MTB/RIF (a rapid and more sensitive 
assay) among adults being investigated for 
TB showed pretreatment loss to follow-up 
of 17%, not reduced by use of Xpert MTB/
RIF.4 Mortality at 3 and 6 months of sending 
sputum for microbiological investigation was 
3.2% and 5.0%, respectively.4 5 South Africa's 
guidelines recommend that all patients with a 
positive diagnosis for TB as well as those being 
investigated for TB be tested for HIV.6 The 
XTEND trial also showed that not being on 
ART and not knowing one’s HIV status were 
associated with an increased risk of death,4 
suggesting that for persons being investigated 
for TB and not already on antiretroviral treat-
ment (ART), linkage to HIV care is a priority.

Linking people with a positive HIV test 
result into HIV care has traditionally involved 
multiple steps, including undertaking a CD4 
count to determine eligibility for ART initia-
tion, with losses at each step.7 Furthermore, 

Strengths and limitations of this study

►► The study had a representative sample of adults 
being investigated for TB from five clinics in two 
provinces with diverse living conditions and repre-
sentative of urban as well as periurban setting.

►► The intervention was well implemented with 555 
contact attempts made to participants needing link-
age to care.

►► The lack of a ‘standard of care’ comparison group 
meant we could not formally determine if the strate-
gy made a difference or not.
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TB and HIV care are not fully integrated, making it diffi-
cult for patients needing treatment for TB and HIV to 
access care for both conditions. In an attempt to improve 
linkage into HIV care among HIV-positive patients, strat-
egies such as case management or health system navi-
gation, using strengths-based case management, where 
patients identify their strengths and use them to improve 
their circumstances, have been evaluated.8–10 One such 
study, a randomised control trial in the USA among 
recently  diagnosed HIV-positive people supported by a 
case manager, showed that 78% in the intervention arm 
linked into care successfully compared with the 60% in 
the control arm.8 Task-shifting of duties such as TB coun-
selling, HIV counselling and testing and ART adherence 
counselling to lay counsellors has been used as a strategy 
to relieve short-staffed and overwhelmed healthcare 
workers in primary healthcare clinics  (PHCs).11 In this 
study, we pilot tested an intervention using lay counsellors 
to provide support to adults being investigated for TB by 
following up with patients to ensure that they returned to 
clinic (1) to receive their TB and HIV-related test results; 
(2) to do follow-up tests and (3) to start appropriate treat-
ment. This was intended to overcome obstacles such as 
nurses not having enough time to follow-up patients and 
the difficulties of making contact with patients. The study 
objectives were to determine feasibility of implementing 
the intervention (determined by number of interactions 
made) and acceptability of the intervention (determined 
by a qualitative study, reported separately) and to esti-
mate linkage to TB and HIV care.

Methods
Study design
An interventional cohort study was designed to pilot-test 
case manager support at PHCs for adults being investi-
gated for TB to link them into HIV care and initiate TB 
treatment where these were clinically indicated. The study 
was conducted from September 2014 to April 2015 in six 
PHCs in Mpumalanga and Gauteng provinces, South 
Africa, which had previously participated in the XTEND 
trial and were selected on the basis of their high propor-
tions of pretreatment loss to follow-up during that trial. 
At the time of implementing the case manager study, 
South Africa’s criteria for ART initiation were a CD4 
count of ≤350 cells/mm3 or active TB at any CD4 count. 
Guidelines also suggested that following a TB diagnosis, 
ART should be initiated in HIV-positive persons within 
2 weeks after TB treatment initiation.

Description of case manager intervention
Case managers were lay counsellors, trained by investiga-
tors on basic TB and HIV education and national ART 
and TB management guidelines at the time. One case 
manager was placed at each of the six clinics. The roles of 
the case managers were: (1) to follow-up on sputum test 
results from the laboratory; (2) to call all patients to return 
to the clinic for their results; (3) to facilitate TB treatment 

start in patients with a positive sputum test result; (4) to 
encourage those with unknown HIV status or negative 
HIV test results older than 3 months at enrolment to test 
for HIV; and (5) for those who tested HIV-positive or 
knew themselves to be HIV-positive but did not know their 
CD4 count at enrolment, to facilitate CD4 count testing, 
follow-up on CD4 results from laboratory and to facilitate 
ART initiation if eligible. A study algorithm, based on the 
national TB management and ART guidelines, was devel-
oped to assist the study staff in guiding patients through 
the health system in seeking appropriate care (figure 1). 
Case managers attempted to contact participants at 
least once a week and continued with contact attempts 
until linkage to care was complete, or the end of study 
follow-up, 3 months after enrolment. Lists for weekly 
follow-ups of enrolled participants that needed linkage 
to care were maintained through the automated release 
of weekly follow-up case report forms by a smart phone 
application that was used to collect study data. Contact 
attempts were made to inform participants of the avail-
ability of their results as soon as they were received at the 
clinics, to remind participants of clinic appointments and 
to check if patients had returned to clinic for appropriate 
care. These attempts included inperson meetings at the 
clinic or telephonic calls. Contacts were categorised as 
successful if the case manager was able to meet with the 
participant or speak to the participant telephonically. All 
decisions about clinical management of participants were 
made by PHC staff according to their routine practice. 
Case managers were not actively involved in arranging 
any additional investigations for TB after enrolment.

Study population and data collection
Participants were eligible for inclusion in the study, based 
on the criteria previously used in the XTEND trial: if they 
were aged ≥18 years, identified by PHC staff as needing 
investigation for TB through TB symptom screen as 
having any of the four TB symptoms, provided a sputum 
specimen for TB investigation, able to give informed 
consent, likely to remain in the study catchment area for 
8 months and able to provide adequate locator informa-
tion, including an alternative contact number for either a 
friend of family member. Case managers recruited partic-
ipants who met the inclusion criteria. Data on demo-
graphics, current TB symptoms, TB and HIV history and 
healthcare-seeking behaviour was collected at enrolment. 
Contact attempts and participants’ progress in linkage 
into appropriate care was recorded on log forms.

At the end of the follow-up period, the case managers 
conducted a telephonic or clinic interview with the 
participant to ascertain if linkage into appropriate care 
had taken place by collecting self-reported data on HIV 
testing, TB and ART treatment start dates, health-seeking 
behaviour and current TB symptoms. Additional data 
were collected by professional nurses abstracting from 
clinic records HIV data (such as HIV testing, CD4 count 
testing and ART start dates) and TB data (TB testing and 
treatment start dates). Case report forms were completed 
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on a study-specific smartphone application and data 
submitted in an encrypted format to a central database.4

Description of outcomes and analysis
Linkage into HIV care was defined as at 3 months after 
enrolment: (1) if HIV status unknown at enrolment: 
testing HIV-positive, having done a CD4 count and being 
started on ART if eligible (CD4 count ≤350 cells/mm3 or 
testing Xpert MTB/RIF positive); (2) if HIV-positive with 
an unknown CD4 count and not on ART at enrolment: 
having done a CD4 count test and being started on ART 
if eligible; (3) if last CD4 count done more than 6 months 
previously and not on ART at enrolment: having a CD4 
count done and being started on ART if eligible. Failure 
to initiate ART after 3 months when ART eligible at initial 
assessment was defined as non-linkage to HIV care.

Linkage into TB care (TB treatment initiation) was 
defined as TB treatment start within 28 days of sputum 
submission among patients with a positive sputum test 
result. Non-linkage to TB treatment (pretreatment loss 
to follow-up) was defined as not starting TB treatment 
within 28 days of sputum collection among people with 
a positive TB test result, consistent with definitions in 
previous studies.2 4

Linkage to HIV care or TB treatment initiation was 
confirmed by record of ART or TB treatment start 
date as reported by the participant and documented in 
study documents or from patient clinic files. Mortality 
was ascertained by reports by close relatives or friends 
indicating the death of a participant. Participants were 
defined as lost to follow-up if at 3 months linkage status 
was unknown and the participant could not be contacted 
by case managers.

Contacts attempts were defined as any effort (successful 
or unsuccessful), done either telephonically or inperson 
meeting, made by case managers to interact with a patient. 
The total number of contact attempts per patients was 
counted, and median attempts needed for linkage into 
TB and HIV care or both were calculated.

Sample size calculation
This was a pilot study aiming to determine feasibility of 
implementing the intervention and to estimate linkage to 
TB and HIV care. The sample size calculation was based 
on two binary outcomes: (1) uptake of ART among those 
who were HIV positive and ART eligible; (2) pretreatment 
loss to follow-up among those who tested TB positive. We 
had planned to enrol 1200 participants (200 per clinic as 

Figure 1  TB and HIV algorithm used to guide case managers. ART, antiretroviral treatment; DST, Drug-susceptibility testing; 
HCT, HIV Counselling and Testing; MDR, Multi-Drug-resistant; TB, tuberculosis.
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in XTEND) with the assumption that 96 (8%) of those 
tested for TB would test TB positive and need to initiate 
TB treatment.4 We also assumed that 20 (21%) of people 
with a sputum testing positive for TB would experience 
pretreatment loss to follow-up.4 For patients needing 
linkage to HIV care, the assumption was that 240 (20%) 
of patients enrolled would not know their HIV status. It 
was also assumed that 576 (60%) of patients who knew 
their HIV status would self-report being HIV positive.4 
Two hundred and eighty-eight (50%) of those who were 
HIV positive would not know their CD4 count and would 
be ART eligible once a CD4 count test was done.4

Risk factor analysis for mortality
Univariable logistic regression analysis was used to assess 
risk factors for mortality. Due to the small proportion of 
participants who died by end of 3-month follow-up, cate-
gories per predictor variable in the univariable model 
were restricted to three and a multivariable logistic 
regression model was not built as a minimum of 10 events 
per predictor variable is required.12 All statistical analyses 
were done using Stata V.14.

Patient and public involvement
Patients or public were not involved in the development 
of research question, outcome measures, study design, 
recruitment to and conduct of the study. Copies of the 
study report will be sent to participants who contact the 
investigators about an interest to receive the study results.

Results
Baseline characteristics
From September to December 2014, 800 adults having 
a sputum taken for TB investigations in six PHCs were 
screened and 585 were enrolled. Of these 585, 23 from 
one site were excluded from analysis because ill health 
prevented the case manager from undertaking study 
procedures correctly, leaving 562 from five clinics for anal-
ysis. Of the 562 participants, 307 (54.6%) were female, 
and the median age was 36 years (IQR 29–44) (table 1). 
The majority of participants (477, 84.8%) self-reported 
having had an HIV test in the past and of these 328/475 
(69.1%) reported being HIV-positive. Of the 328 HIV-pos-
itive participants, 156/327 (47.7%) reported having 
a CD4 count done within the previous 6 months and 
self-reported median CD4 count was 315 cells/mm3 (IQR 
164–471). Over half of the HIV-positive participants with a 
known CD4 count (209/327 (63.9%)) had never received 
ART. Ninety-six of 562 (17.1%) of the enrolled partici-
pants were previously treated for TB. Five hundred and 
fourteen of 543 (94.7%) participants reported having at 
least one TB symptom to the study team, and the majority 
452/514 (87.9%) reported having cough (table 1).

Implementation of the intervention
Overall, 189/562 (33.6%) participants required linkage 
into HIV care or TB treatment initiation or both. Of the 

Table 1  Baseline characteristics of the study population

Variable n (%) n=562

Gender

 ��� Female 307 (54.6)

Age (median, IQR) 36 (29–44)

Country of birth

 ��� South Africa 447 (79.5)

Ethnic group

 ��� Black 556 (98.9)

Highest education completed

 ��� No schooling 23 (4.0)

 ��� Preschool–Grade 7 124 (22.0)

 ��� Grades 8–12 377 (67.1)

 ��� University/technical qualification 38 (6.8)

Marital status

 ��� Single never married 250 (44.5)

 ��� Married 108 (19.2)

 ��� Cohabitating 159 (28.3)

 ��� Divorced/widowed/separated 45 (8.0)

Main income source

 ��� Formal employment 250 (44.5)

 ��� Self-employment/odd jobs 134 (23.8)

 ��� No income 88 (15.7)

 ��� Grant/dependence 90 (16.0)

Average monthly income

 ��� <ZAR 600 34 (6.0)

 ��� ZAR 601–1000 73 (13.0)

 ��� ZAR 1001–2000 120 (21.4)

 ��� ZAR 2001–4000 167 (29.7)

 ��� Greater than ZAR 4000 58 (10.3)

 ��� Don’t know 110 (19.6)

Ever had HIV test

 ��� Yes 477 (84.9)

Self-reported HIV status (n=475)*

 ��� Negative 143 (30.1)

 ��� Positive 328 (69.1)

 ��� Unknown 4 (0.8)

CD4 count known (n=327)†

 ��� Yes 156 (47.7)

 ��� Self-reported CD4 count, median (IQR) 315 (164–471)

Ever been on ART (n=327)

 ��� Never 209 (63.9)

 ��� Currently 116 (35.5)

 ��� Previously 2 (0.6)

 ��� Time on ART in years, median (IQR) 
n=118

2 (0–4)

Ever treated for TB

Continued
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189, 132/189 (69.8%) participants required linkage into 
HIV care only, 35/189 (18.5%) required  TB treatment 
initiation only and 22/189 (11.6%) required both TB 
treatment initiation and linkage to HIV care. A total of 
555 contact attempts were made by the case managers 
to these participants: 310/555 (55.9%) were telephonic, 
243/555 (43.8%) were contacts at clinic and 2/555 
(0.4%) were home visits. Of the 310 telephonic contacts, 
211/310 (68.1%) were successful. Of the 99 unsuccessful 
telephone contact attempts, 98 were due to numbers 
ringing without an answer and in one the call went to 
voicemail.

Contact attempts for linkage to HIV care only
Of the 132 people needing linkage to HIV care only, 407 
contact attempts in total were made to these individuals 
with a median of 3 (IQR 2–4) attempts per individual. 
At the end of the follow-up, 29/132 (22.0%) people had 
still not linked into HIV care, and a total of 111 contact 
attempts, with a median of four attempts (IQR 2–4) per 
individual, had been made to these individuals.

Contact attempts for linkage to TB care only
For people needing to initiate TB treatment only (35), 78 
contact attempts with a median of 2 (IQR 1–3) attempts 
were made. Four (11.4%) of the 35 participants did not 
initiate TB treatment by end of follow-up period. Ten 
contact attempts with median of 1 (IQR 1–4) were made 
to these individuals.

Contact attempts for linkage to TB and HIV care
Seventy contact attempts with median of 3 (IQR 2–4) 
attempts were made to the 22 participants that needed 
both to initiate TB treatment and link into HIV care. At 
end of follow-up, seven (31.8%) of the 22 participants 
had not completely linked into care as they had started 
on TB treatment but had not initiated ART. Twenty-seven 
contact attempts with a median of 2 (IQR 4–5) attempts 
per individual were made to these seven individuals.

Linkage into HIV care
Participant flow through the steps of linkage to HIV care 
is shown in figure 2. At enrolment, 94 participants had 
unknown HIV status or a negative HIV test results older 
than 3 months and were offered an HIV test. Among the 
94, 26 (27.7%) declined to test. Of those who tested, 26/68 
(38.2%) were HIV positive. A total of 132 (26 newly tested 
HIV positive and 106 not on ART with unknown CD4 
count) needed a CD4 count, of whom 119/132 (90.2%) 
had blood taken for a CD4 count by the end of the study. 
Of the 135 with a CD4 count result (119 who had a new 
CD4 count and 16 who already knew their CD4 count), 
91/135 (67.4%) were ART eligible and 67/91 (73.6%) of 
those initiated for ART. Of those needing a CD4 count, 
13/132 (9.8%) did not have a CD4 count done and 24/91 
(26.4%) ART eligible did not initiate ART. The highest 
proportion of HIV-positive patients were lost at the ART 
initiation stage (figure 2).

TB treatment initiation
A total of 57/562 (10.1%) participants had a positive 
index Xpert MTB/RIF result. Of the 57, 53 (93.0%) 
started TB treatment within 28 days of testing positive 
for TB with median time to TB treatment initiation of 
5 days (IQR 2–7). Of the four that were not initiated on 
TB treatment, two died before starting TB treatment and 
two started TB treatment more than 28 days after sputum 
was taken. An additional of 22 participants were started 
on TB treatment after being diagnosed by follow-up tests.

We could not do a risk factor analysis for non-linkage 
into care because of the complexity of differing denomi-
nators at different stages of HIV linkage into care and the 
low numbers for those who did not initiate TB treatment.

Mortality and loss to follow-up
At the end of the  3-month follow-up, 27/562 (4.8%) 
participants had died and loss to follow-up was 49/535 
(9.2%). Of the 27 participants who died, 18 had self-re-
ported being HIV positive, and 14/18 (77.8%) of them 
were on ART. Only four of the deceased participants had 
a TB positive index Xpert MTB/RIF result.

Risk factors of mortality at 3 months after enrolment
Univariable analysis for mortality (table 2) showed weak 
evidence for an association between having more than 
one TB symptom (OR 2.4, 95% CI 0.89 to 6.45) and 
increased risk of death, but a chance finding cannot be 
excluded.

Discussion
In our study, 33.6% of people being investigated for TB 
at PHCs in South Africa required linkage into HIV care 
or TB treatment initiation. A high proportion of people 
with positive TB test results started TB treatment with 78 
contact attempts made to them. However, despite support 
with 477 contact attempts from a case manager, a total 
of 21.9% of those needing HIV care only and 31.8% 

Variable n (%) n=562

 � Yes 96 (17.1)

TB symptoms reported (n=543)‡

 � Yes 514 (94.7)

Symptoms reported (n=514)

 � Cough 452 (87.9)

 � Unintentional weight loss 311 (60.5)

 � Night sweats 218 (42.4) 

 � Fever 186 (36.2) 

*Two participants refused to disclose their HIV status.
†Data missing for one participant.
‡Data missing for 19 participants.
ART, antiretroviral treatment; TB, tuberculosis.

Table 1  Continued 
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needing TB and HIV care did not link into HIV care at 
the end of the 3-month follow-up period with the highest 
proportion lost at the ART initiation step. By piloting this 
intervention, we had hoped to overcome obstacles such 
as nurses not having enough time to follow-up patients 
and difficulties of making contact with the patients such 
as clinic phones not working or people having not given 
their contact numbers. The processes of the intervention 
largely worked as intended, with multiple contacts to 
people needing linkage into care. However, HIV linkage 
care was still suboptimal, suggesting that this intervention 
as implemented for HIV was insufficient. It also suggests 
that linkage to HIV care compared with initiation of TB 
treatment is harder to achieve. This is probably due to the 

larger number of steps that were necessary for a person 
to start ART at the time of the study, which included CD4 
count testing for ART eligibility assessments, attendance 
at ART adherence classes and baseline blood tests for 
assessment of contraindications to specific antiretroviral 
drugs. This resulted in patients needing to visit the clinic 
multiple times. South African guidelines now recom-
mend ART for all HIV-positive people regardless of CD4 
count. This may reduce losses along the linkage pathway 
by reducing the number of visits needed.

Some of our study participants refused HIV testing, 
but the proportions (27.7%) in our study were lower 
than that found in a South African study done in 2007 
comparing uptake of HIV test between provider-initiated 

Figure 2  Flow diagram of linkage into HIV care after 3-month follow-up. ART, antiretroviral treatment.
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testing and counselling and provider referral to voluntary 
HIV testing among patients attending community health 
centres.13 The study reported that 45% of patients in the 
provider-initiated testing group, versus 69% of patients 
in voluntary HIV testing group, refused HIV testing.13 In 
a 2012 study, among HIV non-testers from South Africa, 
barriers to testing included fear of knowing one’s HIV 
status and fear of what people may say.14 Linkage to care 
(HIV and TB) in our study was higher compared with 
Sizanani, a randomised control trial in South Africa done 
between 2010 and 2013 using health navigators sending 
short messaging service reminders to newly diagnosed 
HIV-positive people to link into TB and HIV care.10 This 
difference is probably because linkage to care was defined 
differently in Sizanani compared with our study. Stan-
dardised definitions of linkage to care would facilitate 
making comparisons and setting standards.10

A number of participants in our study declined to 
start on ART because they could not get time off work. 
This could be because the health system is too difficult 
or time-consuming for working people to navigate; it 
could also be that participants not wanting to start ART 
for other reasons gave this as an excuse for not returning 
to the clinic. A study determining rates and predictors 
of declining to start ART in treatment-eligible HIV-posi-
tive individuals in South Africa in 2009 showed that 20% 
refused to start ART and 37% of those reported feeling 

healthy as a reason for non-initiation.15 Another study, 
from South Africa in 2010, showed that stigma was the 
main barrier to initiating ART.16 The limited information 
available around the reasons for non-linkage to HIV care 
suggest that the problem is not simply a failure of clinic 
staff to communicate results but rather a multifactorial 
challenge with health system, individual and structural 
components.10

Some interventions have had successes in improving 
linkage to care. A study in Uganda focusing on improving 
processes within clinics showed an improvement in ART 
initiation among HIV-positive patients.17 Another study 
done in Zambia and Tanzania that combined clinic-based 
care plus community support showed a reduction in 
mortality in HIV-positive patients compared with standard 
of care.18 It is hard to know what exactly made these inter-
ventions work, but the Ugandan study differed from our 
study in that it targeted multiple number of components 
within the clinic such as staff training, coaching and facility 
feedback. However, the Zambian and Tanzanian study 
differed in that community support was provided by a lay 
worker with a higher qualification than a lay counsellor and 
trained on monitoring of patients for disease progression 
as well as drug toxicity. Our intervention tried to address 
challenges of communication between clinic and patients 
as well as provide support and encouragement to patients.

Our data showed that among adults with a positive 
Xpert MTB/RIF sputum result, 93.0% were started on TB 
treatment with 148 contact attempts made to them. The 
median time to TB treatment start in our study was 5 days, 
which is within the recommended national department 
of health target of 2–5 days.6 We could not quantify the 
total number of participants who were diagnosed with 
TB using follow-up tests in our study, as some may have 
started TB treatment after our follow-up ended. Pretreat-
ment loss to follow-up was lower than the 11%–25% found 
in previous studies in South Africa, although comparisons 
are limited by the relatively small numbers in our study.1–4

Mortality was high in our study at 4.8% by 3 months 
suggesting that people are presenting with advanced 
disease or when already severely ill. This underscores the 
importance of early diagnosis and linkage to care.

Strengths of our study include prospectively enrolling 
a representative sample of adults being investigated for 
TB from five clinics in two provinces of the country that 
are diverse in living conditions and population and likely 
to be representative of urban and periurban practice in 
South Africa. A limitation of our study is that this was a 
pilot study and as such had no ‘standard of care’ compar-
ison group; therefore, we cannot formally determine if 
the strategy made a difference or not. Another limitation 
is that we did not keep record of TB treatment started 
after the follow-up period.

Conclusion
In our pilot study assessing the potential effect of a 
case manager to support linkage into HIV care and TB 

Table 2  Univariate analysis for risk factors for mortality

Variable
Proportion 
died (%) OR (95% CI)

P 
values

Gender

 � Male 10/255 (3.9) 1

 � Female 17/307 (5.5) 1.43 (0.65 to 3.19)  � 0.37

Age group

 � >30 5/144 (3.5) 1

 � 30–39.9 14/210 (6.7) 1.99 (0.69 to 5.64)

 � ≤40 8/208 (3.8) 1.11 (0.36 to 3.47)  � 0.29

Self-reported HIV status

 � Negative 5/130 (3.8) 1

 � HIV-positive 
on ART

4/120 (3.3) 0.86 (0.23 to 3.28)

 � HIV-positive 
not on ART

14/205 (6.8) 1.83 (0.64 to 5.21)  � 0.29

Number of TB symptoms

 � ≤1 5/194 (2.6) 1

 � 2 and more 22/368 (6.0) 2.4 (0.89 to 6.45)  � 0.05

BMI

 � <18.5 4/78 (5.1) 0.88 (0.29 to 2.68)

 � 18.5–24.9 18/311 (5.8) 1

 � 25+ 5/173 (2.9) 0.48 (0.18 to 1.32)  � 0.33

 ART, antiretroviral treatment; BMI, body mass index; TB, 
tuberculosis.
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treatment initiation among adults being investigated for 
TB, we report a higher than desirable rate of non-linkage 
into HIV care. This is an indication that the piloted 
strategy lacks components that are crucial to the successful 
engagement of patients into HIV care. A qualitative eval-
uation of the intervention (in progress) may give insights 
into how this intervention could be improved. This pilot 
study was planned with the intention to conduct a larger 
trial afterwards, but our findings suggest that further 
work be done before the intervention is further evalu-
ated. We recommend that more innovative approaches 
be explored to find strategies that will improve linkage to 
HIV care and TB treatment initiation in this population 
to reduce mortality.
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Abstract 21 

 22 

Background:  23 

Gaps in linkage to HIV care and TB treatment initiation exist amongst those undergoing TB 24 

investigations.  The aim of this qualitative study was to understand care providers’, case managers’ 25 

and patients’ experiences of a lay case manager intervention to initiate patients on TB treatment 26 

and/or link them into HIV care.  27 

 28 

Methods:  29 

Care providers that worked closely with case managers and case managers that implemented the 30 

intervention were interviewed. Purposive sampling was used to recruit patients including those who 31 

did and did not successfully link into care. Thematic analysis was applied. 32 

 33 

Results:  34 

Twenty two participants were recruited for in-depth interviews: eight providers, five case managers 35 

and nine patients. Seven of the nine patients interviewed did not link into HIV care successfully  36 

three months post enrolment into main study.  The role of a case manager was perceived to be 37 

important by case managers, patients and providers. Barriers and facilitators to TB and HIV care 38 

were analysed at patient and health-system levels. Patient barriers to TB care were competing 39 

priorities while health systems struggled to contact patients after sputum submission linked to 40 

delayed laboratory results. Clinic experiences and personal drive facilitated patient care.  Patient-41 

level barriers to HIV care were fear, competing priorities and ART refusal. Health-system factors 42 

included facility-specific ART initiation scheduling systems and long queues; poor provider 43 

understanding of HIV and TB management guidelines; and lost patient files or results.  Patient 44 

readiness to know their HIV status or start ART and receipt of education facilitated linkage to care. 45 

 46 

Conclusion:  47 

While the intervention was acceptable, providing support to patients is insufficient to link patients to 48 

care. Additional health-system and patient barriers preventing linkage into TB and HIV care need to 49 

be addressed. 50 

  51 
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Introduction 52 

 Adults being investigated for tuberculosis (TB) in South Africa have a high HIV (human 53 

immunodeficiency virus) prevalence (1). There are also gaps in linkage both to TB treatment and to 54 

HIV care leading to high mortality rates within this group (1-4).  55 

 56 

 Previous studies exploring barriers of linkage to HIV care and TB treatment initiation have been 57 

done specifically amongst HIV positive patients or TB patients only.  Barriers of linkage to care for 58 

these two groups can be categorized into patient and health-system factors. Patients with TB and 59 

those living with HIV share difficulties in getting time of work to attend facilities for care.   HIV 60 

specific patient related barriers were stigma, fear of knowing ones HIV status and refusal to test (5-61 

7).  TB specific patient related barriers were lack of understanding of TB its severity or potential 62 

benefits of treatment.  Health-system barriers that are common between patients with TB and those 63 

with HIV were the dissatisfaction with waiting times, distance from health care centres, costs to 64 

travel to health care centres (8). Health-system barriers specific to HIV were perceived poor quality 65 

of health care also contribute to failure of patients starting antiretroviral therapy (ART) (9).  Health-66 

system barriers that were specific to TB care were  long costly TB diagnostic and care pathways, and 67 

long processes for registration of suspected and confirmed TB cases (10). With all of these barriers, 68 

innovative strategies are needed to initiate patients on TB treatment and link those who are HIV 69 

positive patients into HIV care. There is paucity of data on the exploration of barriers to linkage to 70 

HIV care and TB treatment initiation amongst people undergoing TB investigation, majority of whom 71 

are HIV positive.  72 

 73 

A pilot study of a case manager strategy was undertaken to assist with linkage into HIV care and 74 

initiation of TB treatment amongst adults being investigated for TB in South Africa (11) . The strategy 75 

involved the use of trained lay counsellors as case managers to provide support to patients to help 76 

navigate the care pathway by facilitating testing and treatment initiation for both HIV and TB. 77 

Through communication at the clinic or telephone contact, case managers advised patients on the 78 

next steps following an investigation for TB (11). The study showed that the majority of those 79 

supported for TB treatment initiation successfully started treatment, while linkage into HIV care was 80 

suboptimal (11). To better understand experiences of the strategy by care providers, case managers 81 

and patients, a qualitative sub-study was undertaken.  We report here the barriers and facilitators of 82 

linkage into HIV care and initiation of TB treatment as perceived by care providers, case managers 83 

and patients. 84 

 85 
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 86 

Methods 87 

This qualitative study was part of a pilot study, determining if support from a case manager would 88 

assist adults being investigated for TB to initiate TB treatment and/or HIV care. The study was 89 

conducted from September 2014-March 2015 in five primary health care clinics in Gauteng and 90 

Mpumalanga provinces. Five lay case managers (three in Gauteng and two in Mpumalanga) were 91 

placed at the clinics. Details of the case manager strategy are described elsewhere (11) . 92 

 93 

  In-depth interviews were conducted with case managers, providers and patients. Providers were TB 94 

and ART nurses, purposively sampled on the basis that they worked closely with the case managers 95 

during the implementation of the intervention. All case managers that implemented the 96 

intervention were also interviewed. Purposive sampling was used to recruit a mix of patients who 97 

successfully linked into relevant HIV or TB care (n=2) and those who did not link into care (n=7) by 98 

the end of three months’ follow-up across the two provinces.  For patients who did not link into 99 

care, interviews were done with those who could be located and were available to return to the 100 

clinics where they were enrolled into the study across the two provinces. Furthermore, those who 101 

did not link into care were intentionally oversampled to better understand barriers of linkage to care 102 

in this group.   103 

 104 

To reduce moderator acceptance bias, a qualitative consultant who was not part of the study team 105 

conducted interviews with the case managers and providers, while patient interviews were 106 

conducted by NM in Zulu, Isiwati and Sepedi languages. They lasted for 30 - 40 minutes. Interview 107 

guides for the patients included questions on acceptability, facilitators and barriers to TB treatment 108 

initiation and HIV linkage to care. The case manager and healthcare worker interview guides 109 

included questions on acceptability, facilitators and barriers of linkage into TB and HIV care, working 110 

relationship, and future changes to be made to the strategy. To assess acceptability, we explored 111 

how the case manager strategy affected the work of providers and the compatibility of the strategy 112 

to their routine work. For patients, we looked at how the strategy affected how they sought care.  113 

We also assessed how patients and providers perceived the strategy. All interviews were audio 114 

recorded with participant consent. 115 

 116 

Data management and analysis  117 

Provider and case manager audio recorded interviews were transcribed by the consultant while NM 118 

simultaneously transcribed and translated patient interviews into English. The first transcripts were 119 
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used to identify common phrases or themes inductively from the data. These, along with the study 120 

objectives, were then used to develop a coding framework for coding of the rest of the data. NM 121 

identified major themes for thematic content analysis. The major themes on acceptability, 122 

facilitators and barriers to TB treatment initiation and HIV linkage to care from the data were 123 

discussed and refined with SN. QSR international’s NVIVO 10 software was used to support data 124 

analysis. 125 

 126 

Ethics  127 

Ethical Approval was provided by the Human research ethics committees of the London School of 128 

Hygiene and Tropical Medicine (reference number 7124) and University of Witwatersrand 129 

(M131143). Written consent was obtained from all who participated in the study.  Participants also 130 

provided consent to be audio-recorded and quoted. Interviews were done in a private place at the 131 

clinics.  132 

 133 

Results 134 

Participant characteristics  135 

A total of 22 interviews were conducted between January to March 2015; eight with providers, five 136 

case managers and nine patients. Of the eight providers, six were females and all were professional 137 

nurses. Five of the providers were from clinics in Gauteng province. Four of the four case managers 138 

were females and only one had a tertiary education (Table 1). Twelve patients were contacted to 139 

schedule an appointment to take part in the study and three did not present themselves to be 140 

interviewed on the appointment date. Of the nine patients, five were from Gauteng, seven were 141 

males and eight had secondary level education. Seven of the nine patients interviewed did not link 142 

into HIV care successfully three months post enrolment into main study.  143 

 144 

The case manager’s role  145 

Patients, providers and case managers all perceived the role of the case managers to be important, 146 

but described their roles in slightly different ways.  Of the many roles played by case managers, 147 

some patients particularly appreciated the patience and respect they received from the case 148 

managers. One patient emphasized that being treated well makes a sick person feel better. 149 

 [from what the case manager did, I liked] the way she understands, the way she respects 150 

people and the way she treats people.… She is very patient with people. It makes a sick 151 

person feel very satisfied inside and even the disease gets reduced inside because they 152 
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become free inside. If you find that they are not treating you nicely, the disease keeps you 153 

down. (Male patient, unsuccessful in linking into HIV care)  154 

The majority of the providers indicated that they knew what the case managers were doing at the 155 

clinics. They reported that the case managers assisted them by performing duties such as collection 156 

of sputum, follow-up with patients who needed to start on TB or HIV treatment by calling them, 157 

telephonically encouraging patients who still had TB symptoms even after testing TB negative and 158 

also those who had side effects to medication to return to clinic for further management. They also 159 

said case managers provided HIV counselling to some patients.  160 

The majority of the case managers reported that they assisted with service provision for clinic 161 

attendees by performing additional duties such as completing TB identification registers, provision of 162 

results to TB patients, performing HIV counselling and testing (HCT) and opening clinic files for 163 

patients on days the clinic was busy.  164 

All three respondent groups felt that if the strategy is to be implemented in the future, case 165 

managers should provide TB and HIV education.  Patients and case managers emphasized that case 166 

managers need to have a good attitude towards patients. Providers (and some case managers) 167 

focused more on qualifications, suggesting that the individual needs to be trained as a professional 168 

nurse to be able to start patients on treatment without relying on overloaded facility staff.  169 

 170 

Patient linkages to TB and HIV testing and care  171 

Reported facilitators and barriers of linkages to testing and care differed between TB and HIV. When 172 

relevant, facilitators and barriers are discussed as being located at a patient or health-system level. 173 

 174 

Facilitators to care 175 

Patient related facilitators for linkage into HIV care were reported by all the three groups to be 176 

readiness to know one’s HIV status or start ART and provision of education. All of the groups felt 177 

provision of education about HIV leads to individuals being ready to know their HIV status as this 178 

brings understanding of the disease.  They also felt that readiness to test for HIV was a facilitator as 179 

once a patient is ready to know their HIV status, it leads to them wanting to conduct an HIV test. 180 

They associated this with a willingness to accept whatever the outcome of the test and start on ART 181 

if HIV positive. One patient indicated that he compared himself with other patients that were also on 182 

ART and that motivated him to start and stay on ART as shown in the quote below. 183 
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Yes, I am brave. Sometimes most people get hurt because they are afraid and they end up 184 

stressing themselves. They end up thinking because they are like this [HIV positive], they are 185 

the only ones in the world, while we are a lot. You compare yourself with other people, just 186 

because am sick does not mean am not human anymore. Because am getting treatment am 187 

supposed to use the treatment. (Male patient, unsuccessful in linking into HIV care) 188 

Motivation to seek care was an important TB facilitator for patients, where their ill health and having 189 

the desire to get better pushed them to seek care. For other patients this motivation came from 190 

having witnessed family members being sick with TB or getting encouragement from friends and 191 

family to test for TB. One patient described why he sought care:  192 

For me …. I wanted to live.  I could not continue coughing forever. I was not gaining weight 193 

and I was thinking a lot.  I even stopped working for a while. Now am better. I could not walk 194 

totally. Now am better. I have energy. I can walk, clean and cook for myself.  (Male patient, 195 

struggled in getting a TB diagnosis and TB treatment initiation) 196 

 197 

Health-system facilitator for TB was type of reception at facilities which comprised of provider 198 

attitudes towards those patients coming to seek care and patients feeling assisted when they went 199 

to the facilities. Both patients and providers felt that having providers that treat patients in a good 200 

manner motivated patients to return to facilities.   201 

 202 

TB patients, sometimes they come here with an attitude, sometimes they do not understand 203 

why they have TB… but if you smile to them, and have good relationship with them and I do 204 

give them my phone number sometimes my cell number to contact me at home.  (TB and HIV 205 

nurse, Mpumalanga province) 206 

 207 

Barriers to care  208 

Fears linked to testing for HIV were common between TB treatment initiation and HIV linkage to 209 

care. One provider felt that fear of testing for HIV was the reason why some TB positive patients 210 

were not returning to the facility for further management of TB as elaborated in the quote below: 211 

 They may come and start [TB treatment] and then when you tell them please can you test for 212 

HIV because it is important to know your [HIV] status and to be given the treatment that is 213 

due to you. They would say next time, and next time when they supposed to come they 214 

would not come just because they are afraid of testing [for HIV]. (Provider, Gauteng)  215 



8 

However, case managers and patients did not say anything regarding this point.  Some patients 216 

talked about fearing knowing their HIV status as it meant they would have to be on life-long 217 

treatment. 218 

Another barrier for linkage to HIV care highlighted by the three groups was refusal to test for HIV. 219 

One of the reasons why patients refused to test was lack of readiness to test as described by case 220 

manager: 221 

 He was tested for TB and was positive. We had to go and look for him to start [TB] treatment. 222 

The other tenant at the house said this guy only comes back on weekends. I called and called. 223 

I asked him to do an HIV test, he [said he] was not ready. He refused to be tested for HIV. Even 224 

in the file it is written that he said he was not ready to be tested [for HIV]. (Case manager, 225 

Gauteng) 226 

Patient-level barriers were fear, competing priorities, and refusal to start ART.  Patients described 227 

competing priorities like work commitments or looking for work as preventing them from returning 228 

to clinic for further HIV management. Some case managers and one provider perceived refusal to 229 

take ART as a barrier among both TB/ HIV co-infected patients as well as HIV positive patients.  230 

Providers and case managers perceived that TB and HIV co-infected patients were not willing to take 231 

ART while still taking TB treatment. Patients who were HIV positive only, seemed to delay returning 232 

to the clinic for ART initiation.  This was perceived by providers and one case manager as stemming 233 

from patients’ fear of being stigmatised.  234 

Providers and case managers perceived that patient-related barriers to TB testing and treatment 235 

initiation included lack of time or money for further tests, relocation or providing incorrect contact 236 

details to the clinic. They perceived that no time or money to return to clinic was a barrier because 237 

patients could not get time off work to return to clinic or they did not have transport money. They 238 

felt that patients were responsible for challenges faced with tracing them after submitting sputum 239 

for TB tests. Case managers and providers also perceived patients relocation to a different place due 240 

to work commitments or providing incorrect contact details when the TB identification registers 241 

were being completed was another barrier for initiating on TB treatment. This led to not being able 242 

to inform patients about their results or the health facility staff not being able to trace patients to 243 

start TB treatment if they were confirmed to have TB.  244 

 245 

Health-system barriers to HIV linkage to care included health facility ART booking system, long queues, 246 

poor provider understanding of HIV and TB management protocols, and lost patient files or results. 247 
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Case managers perceived losing of patient’s clinic files or results at the clinics was a barrier as it made 248 

it difficult for providers to manage patients further.  Case manager perceived that the facility booking 249 

systems for ART initiation and long queues was another barrier as some of the patients that needed 250 

to be started on ART quickly were given return dates far ahead in the future. This was because facilities 251 

were initiating only a specific number of patients on a weekly basis.  Some case managers perceived 252 

that the long queues that HIV patients had to stand in to access HIV treatment could discourage 253 

patients to seek care. One case manager emphasized the large number of patient accessing HIV care 254 

in a facility as a reason for long queues.  255 

 That there are too many people at the waiting area and they do not want to wait a long time 256 

at the clinic. They know the TB room has a few people, but the ARV room sees about 80 people 257 

a day. So they do not want to wait here. (Case manager, Gauteng) 258 

 259 

Another barrier mentioned by some providers was the lack of clarity on the timing of ART initiation 260 

after TB treatment initiation in TB and HIV positive patients. This meant that some patients were 261 

delayed in initiating on ART after starting on TB treatment. 262 

The only health-system barrier for TB testing was delay in delivery of laboratory results.  Case 263 

managers perceived that delay of laboratory results was a barrier because clinic staff did not receive 264 

results on time and patients did not find the results when they returned on their return date. This 265 

was not mentioned by the providers or patients. 266 

267 
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Discussion  268 

Our study found that the pilot intervention to link adults being investigated for TB into TB and HIV 269 

care was accepted by providers and patients. We analysed TB and HIV related barriers into patient 270 

related and health-system related, in keeping with the broader literature (8, 12-16). Reported TB 271 

related facilitators were type of reception received at facilities and motivation to seek care. 272 

Facilitators to HIV linkage to care were readiness to know HIV status or start ART and provision of 273 

education. A majority of those who did not link into HIV care and were approached to participate in 274 

this study were males. This is similar to what was reported by a study characterizing the engagement 275 

of HIV care in South Africa in 2012; the report showed that less men were in care compared to 276 

women (17).  277 

 278 

Although the intervention was reported to be acceptable, case managers and providers agreed that 279 

in the future the role should be implemented by a professional nurse. This view was not shared by 280 

the patients. In our study, the role of the case manager was carried out by a lay counsellor as we 281 

wanted to shift this task away from professional nurses in order to relieve their workload.  Lay 282 

counsellors have been widely used to provide counselling and education for TB and HIV in primary 283 

health care settings in South Africa (18).  A study evaluating the effect of an intervention to optimize 284 

TB and HIV integration in primary health care facilities found that nurses who were hired to 285 

integrate TB and HIV services spent the majority of their time managing patients(19) . It is unclear, 286 

from this study, how a similar situation could be averted if professional nurses were asked to apply a 287 

case management approach.   288 

 289 

Facilitators and barriers for TB and HIV linkage to care in our study were categorized as health-290 

system or patient related factors. While there was no overlap of facilitators, fear of HIV testing 291 

emerged as a common patient related barrier for TB and HIV linkage to care.  Fears of knowing their 292 

HIV status and of being stigmatized reported in our study were also documented in a study 293 

describing barriers and facilitators of HIV counselling and testing (HCT) done in health facilities in 294 

South Africa (6). That study showed that the reason why most patients (73%) did not test for HIV 295 

was because they were afraid of finding their HIV status, with 33% reporting a fear of death (33%) 296 

and 11% citing fear of stigma (6).  Refusal to initiate ART while on TB treatment by some patients, 297 

indicating the preference to finish TB treatment, first could be due to the fear of pill burden and side 298 

effects of taking both treatments, as shown in study in Ethiopia (20). 299 

 300 



11 

HIV specific patient related barriers such as competing priorities linked to job hunting or going to 301 

work preventing patients from linking into HIV care were similar to a study done in South Africa 302 

amongst newly HIV diagnosed patients. The study showed how burdensome health-system linked to 303 

multiple visits to clinics promoted the disengagement of care by patients  (12). The patient related 304 

challenge of time for TB patients or health-system challenge of delayed results at facilities and lack 305 

of transport money were also highlighted in a study exploring why TB patients do not initiate or 306 

adhere to TB treatment in South Africa (8) . The study reported that newly diagnosed TB patients 307 

would not start on TB treatment because their TB results would not be available at the facilities on 308 

the day they had returned to check on them  (8). TB patients found it hard to stay adherent on 309 

treatment if they had to pay a bus or taxi fare to get to a facility to collect treatment (8). Delay of 310 

receipt of sputum result was also highlighted as a health-system barrier for starting TB treatment in 311 

another study in Malawi exploring why smear positive TB cases were not starting on treatment. The 312 

study showed that sputum results were sometimes only available at a time of death of a patient 313 

(14).  The poor understanding of TB and HIV management protocols by providers in our study shows 314 

the importance of re-training of facility staff on updated TB and HIV management guidelines to 315 

improve the management of patients. A study reviewing the quality, quantity and distribution of 316 

providers within TB programs in Nigeria and Kyrgyzstan highlighted the importance of re-training in 317 

order to control TB (15). 318 

 319 

The relocation of patients after submitting sputum specimens to another area before receiving their 320 

results shows that the population that was served by primary health clinic in our context was a 321 

migrant one. This suggests that perhaps the health system should be moving towards point of care 322 

TB testing where patients would leave a facility already knowing their TB results and initiated on TB 323 

treatment on the same day if they are diagnosed (21).  324 

 325 

The observation that education and readiness to test for HIV or start ART were facilitators for linkage 326 

into HIV care was expected as the two are connected.  A study in Swaziland, examining individuals 327 

experiences of HIV testing and linkage to care showed that a person’s acceptance of their HIV status 328 

encouraged them to seek care and therefore be more willing to start treatment (13). A South African 329 

study done in health facilities also showed that provision of education was the leading facilitator for 330 

uptake of HIV testing at 32% (6).  In our intervention, case managers provided education to patients, 331 

but the existence of other barriers prevented individuals to test or start ART. 332 

 333 

 334 
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 335 

Motivation to seek care and type of reception as (patient and health-system related) facilitators to 336 

TB testing and treatment found in our study were similar to findings in a study done in Kenya 337 

between 2012 and 2013 which was identifying barriers and facilitators of linkage and retention in 338 

chronic care for HIV, TB and hypertension(16). The study reported that personal initiative and good 339 

provider-patient relationship were important facilitators of linkage to care for TB and HIV (16). The 340 

good provider-patient relationship was also highlighted by studies that showed improvement of 341 

treatment outcomes in patients if they were supported (22, 23), which is consistent with what our 342 

study found.  343 

 344 

The strength of the study is that we interviewed patients, case managers and providers providing a 345 

complete overview of perspectives of the facilitators and barriers of implementing a case manager 346 

strategy in the primary health care clinics in South Africa.  The inclusion of patients and providers in 347 

our sample. Our limitations were that we could not interview all of the sampled patients that did not 348 

link into care even after multiple attempts of trying to schedule an appointment. This could have 349 

introduced some selection bias to our study.  Participants did not vary sufficiently by gender to 350 

explore gender differences, which are known to impact care seeking in South Africa (17), nor did the 351 

sample distribution enable comparison by provincial context.  352 

 353 

Conclusion  354 

Our study showed that the use of lay case managers providing support to patients being investigated 355 

for TB was acceptable to patients and providers. However, providing support to patients only is not 356 

enough, as additional health-system and patient barriers are preventing linkage into TB and HIV 357 

care. We recommend that interventions that assist with TB treatment initiation and linkage to HIV 358 

should address both patients and health-system level factors in order to succeed in addressing this 359 

challenge.  Additionally, we recommend that interventions for facility management be piloted to 360 

facilitate access to HIV care services.  361 
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Table 1 : Qualitative sample overview n=22 450 

 N (%) 

Health providers  (n=8)  

gender   

Male 2 (25 %) 

Female 6 (75 %) 

  

Health provider clinic role   

TB nurse  3 (38 %) 

HIV nurse  3 (38 %) 

HIV and TB nurse  2 (25 %) 

  

Cadre of staff   

Professional nurse  8 (100 %) 

  

Province   

Gauteng  6 (75 %) 

Mpumalanga 3 (25 %) 

  

Patients (n=9)  

Gender  

Male 7 (78 %) 

Females  2 (22 %) 

  

Education level  

Primary school 0 

Secondary (Grade 8-12) 8 (89 %) 

Tertiary (degree) 1 (11 %) 

  

Province   

Gauteng 5 (56 %) 

Mpumalanga 4 (44 %) 

  

Case managers  (n=5)  

Gender   

Male  1 (20 %) 

Female  4 (80 %) 

  

Education level  

Primary school   - 

secondary (matric level) 4 (80 %) 

Tertiary  1 (20 %) 

  

Province   

Gauteng  3 (60 %) 

Mpumalanga 2 (40 %) 

 451 
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Abstract

Background

Tuberculosis (TB) incidence in South Africa is among the highest globally. Initial loss to fol-

low-up (ILFU), defined as not starting on TB treatment within 28 days of testing positive, is

undermining control efforts. We assessed the feasibility, acceptability, and potential of a

mHealth application to reduce ILFU.

Methods

An mHealth application was developed to capture patients TB investigation data, provide

results and monitor treatment initiation. This was implemented in two primary health clinics

(PHC) in inner-city Johannesburg. Feasibility was assessed by comparing documentation of

personal details, specimen results for same individuals during implementation period (paper

register and Mhealth application). Effectiveness was assessed by comparing proportion of

patients with results within 48 hours, and proportion started on treatment within 28 days of

testing TB positive during pre- implementation (paper register) and implementation

(mHealth application) periods. In-depth interviews with patients and providers were con-

ducted to assess acceptability of application.

Results

Pre-implementation, 457 patients were recorded in paper registers [195 (42.7%) male,

median age 34 years (interquartile range IQR (28–40), 45 (10.5%) sputum Xpert positive].

During implementation, 319 patients were recorded in paper register and the mHealth appli-

cation [131 (41.1%) male, median age 32 years (IQR 27–38), 33 (10.3%) sputum Xpert
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positive]. The proportion with complete personal details: [mHealth 95.0% versus paper reg-

ister 94.0%, (p = 0.54)] and proportion with documented results: [mHealth 97.4% versus

paper register 97.8%, (p = 0.79)] were not different in the two methods. The proportion of

results available within 48 hours: [mHealth 96.8% versus paper register 68.6%), (p <0.001)],

and the proportion on treatment within 28 days [mHealth 28/33 (84.8%) versus paper regis-

ter 30/44 (68.2%), (p = 0.08)] increased during implementation but was not statistically sig-

nificant. In-depth interviews showed that providers easily integrated the mHealth application

into routine TB investigation and patients positively received the delivery of results via text

message. Time from sputum collection to TB treatment initiation decreased from 4 days

(pre-implementation) to 3 days but was not statistically significant.

Conclusions

We demonstrated that implementation of the mHealth application was feasible, acceptable

to health care providers and patients, and has potential to reduce the time to TB treatment

initiation and ILFU in PHC settings.

Introduction

There are an estimated 834 cases of tuberculosis (TB) per 100 000 population diagnosed annu-

ally in South Africa [1]. Without appropriate initiation of treatment, people with pulmonary

TB may transmit TB to others and suffer from TB associated morbidity and mortality [2]. Ini-

tial loss to follow-up (ILFU) is defined as not starting TB treatment within 28 days of a

microbiologically confirmed TB test. ILFU is estimated to occur among 17–25% of all persons

diagnosed with TB in South Africa [3–5].

Common reasons for ILFU in TB patients include health system-, patient- and disease-

related factors [6]. Health system-related reasons for ILFU include: delays in clinics receiving

results or failure to receive results from laboratories; the need for patients to return repeatedly

to clinics to enquire about results, and long waiting periods to receive care in health facilities.

Patient-related factors include the need to take time off work to return to the clinic, and being

prevented through illness from returning to clinic [6]. Optimal strategies to reduce ILFU will

likely need to address both clinic-and patient-level factors.

Mobile technology use in health care, often referred to as mHealth, has potential to address

both clinic and patient-level factors related to ILFU. mHealth has been used for communica-

tion with both providers and patients and has been reported to be acceptable and effective in

diverse settings including during pre-natal screening, sexually transmitted disease care and

HIV management [7–9]. mHealth innovations may help close patient- and health system-

related gaps that contribute to ILFU. We therefore aimed to assess, using mixed methods, the

feasibility, acceptability, and potential for addressing TB ILFU of a mHealth application to sup-

port and improve the TB care continuum.

Methods

Study setting

This study was based at two primary health clinics (PHC) serving high-TB-burden communi-

ties located in Johannesburg, South Africa.

mHealth and TB case identification
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mHealth application development

The mHealth application was developed by the study team in collaboration with the District

TB Control Program (TCP), PHC managers and the National Health Laboratory services

(NHLS). The mHealth application was designed to (1) replace the data collection and report-

ing function of a TB register through direct data entry onto a mobile application at the point

of care of TB case identification data, (2) automate TB laboratory result delivery to PHC clinic

by directly pulling results from a central lab (NHLS) into the mHealth system, (3) provide a

dashboard display of the status of all patients in the TB testing and care continuum, (4) provide

electronic notification of TB sputum results to clinic TB staff, and (5) provide pin-protected

electronic TB sputum result notification to patients. The goal was to produce an application

that would reduce the time and effort required for TB data reporting, provide rapid and auto-

matic access to Xpert MTB/Rif TB test results and empower patients by directly providing

results via cell phone messaging. The TB result-reporting component allowed health care

workers to track patient progress to treatment initiation, prompt TB nurses to submit baseline

smear microscopy on patients with positive Xpert MTB/Rif results and identify as well as

remediate patients with a break in care (e.g. initiation of TB treatment for those with TB posi-

tive sputa) (Fig 1).

The content of results messages sent to patients was developed and refined during a work-

shop with the district TB coordinator, clinic TB nurses, and facility DOT supporters. Patients

were notified by text of result availability, and were then required to access the results using a

four-digit secret pin which patients chose at initial clinic visit. Patients who requested to

receive an electronic result received the message ‘Please reply to this message with your secret

pin in order to receive your MTB results’. If the participant entered the correct pin, one of the

following messages were provided: 1) ‘Your result is MTB negative, please visit clinic<name>

if symptoms persist’; 2) ‘Your result is MTB positive, please visit clinic <name> in order to

start TB treatment’; or 3) ‘Your result is unsuccessful specimen, please visit clinic <name> to

provide further specimens’. Patients who did not want to receive the results via text message

but wanted to be notified of results availability received the message ‘Your MTB results are

ready for collection at the clinic’.

Study participants and procedures

The study was divided into two periods. The pre-implementation period occurred from Janu-

ary to March 2015. The clinic staff received training updates on use of the standard mHealth

application and continued to use the paper register for all TB-related data collection. Prior to

the implementation period, there was a ‘run-in’ period for training of study staff and to allow

for troubleshooting of operational challenges encountered with the mHealth application. The

implementation period occurred between February and April 2016. During the implementa-

tion period, study staff recruited sequential adults�18 years of age who had been referred for

TB investigation including sputum testing. Patients were allowed to select whether to receive

sputum results directly on their phone via text message or to get a text message informing

them that their results were available at the clinic. Reasons for participant refusal to receive

text messages were not collected. During the implementation period, clinic staff used the

mHealth application for recording all patient data while in parallel; study staff captured the

same data onto the paper registers. Simultaneous data collection on mHealth and paper regis-

tered allowed for comparison of data collection methodology whilst ensuring that the clinic

adhered to TB control programme recording and reporting practice regarding the use of paper

registers.

mHealth and TB case identification
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Feasibility analysis

Data collection. Feasibility was assessed by evaluating the concordance of data captured

in both the mHealth application by clinic staff and the paper-based register by research staff

for the same set of patients in the implementation period. We decided a priori that the

mHealth application would be feasible if we observed no difference between key indicators

generated from the paper and mHealth applications as follows: in (i) successful collection by

the mHealth application of all data elements usually collected by the paper TB register, (ii) suc-

cessful and more rapid receipt of electronic laboratory results at the clinic using the mHealth

application (iii) success in automatic sending of text notifications and results to patients. We

compared the following indicators generated from data in the mHealth application and on the

paper register during implementation: 1) the proportion of patients with specimen results; 2)

proportion with positive Xpert MTB/Rif results; 3) the proportion of patients with a positive

Xpert MTB/Rif result who also had a subsequent smear result recorded.

Data analysis. A McNemar test was used to compare indicators generated from mHealth

and paper registers in implementation period. A statistically significant difference in indicators

Fig 1. Illustration of the direction of communication between laboratory, health care worker and patient during TB case investigation. NHLS: National

Health Laboratory Services; TB: Tuberculosis.

https://doi.org/10.1371/journal.pone.0199687.g001
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(as evidenced by a p-value <0.05) suggested a difference in data collection accuracy, thus

allowing inferences to be made regarding feasibility of the mHealth application to support

TCP monitoring and evaluation requirements.

Acceptability

Data collection. Acceptability of the mHealth application to patients and healthcare provid-

ers was assessed using semi-structured interviews. At seven months post- implementation of the

mHealth application, structured interviews were conducted with purposively selected patient par-

ticipants who (1) tested TB negative and received the result via a text message, (2) tested TB nega-

tive and did not receive the result via text message, (3) tested TB positive and received the result

via text message, or (4) tested TB positive and did not receive results via text message. Interviews

were conducted in English, isiZulu, Sesotho or Setswana and lasted approximately 30 minutes.

Structured interviews were conducted with providers who used the mHealth application at each

clinic and the regional TB coordinator. All provider interviews were conducted in English. All

interviews were recorded and transcribed and, when required, translated into English for analy-

sis. Data were uploaded and analysed in Nvivo version 10 (QSR international Pty software).

Data analysis. We adapted Normalization Process Theory (NPT) [10], to frame our anal-

ysis of patient and provider interviews [10] [11]. We specifically focused on NPT domains of:

(1) ‘cognitive participation’ which we defined as the provider’s willingness to capture patient’s

data into the application and search for results, or the patient’s willingness to use the applica-

tion to retrieve and receive results, (2) ‘collective action’ which we defined as: a) the usability

of the mHealth application and how it integrates within existing systems; b) the ease of use of

the mHealth application by providers and patients, and (3) ‘reflexive monitoring’ which we

defined as the patient’s or providers’ experience in using of the device to retrieve results

[12,13]. To the existing NPT domains, we added ‘confidentiality’ which we defined as patients’

confidence in the system’s ability to disclose their results appropriately. Using these domains,

transcripts were coded by NM. Specific passages were discussed among the investigative team

to resolve discrepancies in coding and identify key themes.

Potential effectiveness

Data collection. Potential effectiveness was assessed through comparing specific indica-

tors collected during the pre-implementation and implementation period data. We calculated

TB treatment initiation within 48 hours. We chose TB treatment initiation within 48 hours as

it is the cut-off point that the national TB programmes uses to describe ILFU [14] while a cut-

off point of 28 days was chosen to allow comparison with prior studies from South Africa

regarding ILFU [3–5,15].

Data analysis. Change in specific indicators related to timing of return of sputum results

to clinic, proportion started on TB treatment within two and 28 days was assessed and propor-

tion lost to follow-up. The proportion test for two samples was used to compare indicators

generated from mHealth data in implementation period and from paper registers in the pre-

implementation period. A statistically significant difference in indicators (p value <0.05) sug-

gested that a real difference in proportions between the two methods exists. A Mann-Whitney

test was done to compare for time to TB treatment in the pre-implementation and implemen-

tation periods.

Ethical considerations

Approval to implement the study was provided by the institutional review boards for human

subjects research of the University of the Witwatersrand (HREC certificate no: M141008) and

mHealth and TB case identification
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Johns Hopkins University (IRB certificate no: IRB00071530). All participants provided written

informed consent to take part in the study.

Results

Demographic characteristics

In pre-implementation period, 457 patients were recorded in the TB register. Of these patients,

195 (42.7%) were male, median age was 34 years (interquartile range [28–40]), and 353 (77.2%)

patients self-reported being HIV positive (Table 1). In the implementation period, 319 persons

were enrolled and registered on the mHealth application and paper register of whom 131 (41.1%)

were male, median age 32 years (IQR 27–38), 259 (81.2%) self-reported being HIV positive. Of

319, 286 (89.6%) requested to receive results by text message, 31 (9.7%) did not wish to receive

any text message and two (0.6%) opted to receive a text message indicating availability of results

at the clinic. Of the 286 TB patients who requested to receive results via text messages, 59 (20.6%)

failed to receive their results. This was due to:1) user failure for 49 (83.1%) patients who did not

understand how to respond with a secret pin code; 2) data interface failure (the application did

not receive results from the laboratory) for five (8.4%) patients; and 3) application failure

(mHealth did not send results after patients responded with a correct pin) for five (8.4%) patients.

Feasibility

During the implementation period we sought to determine if there was any loss in data quality

through electronic data collection compared to paper registers. We found no statistically sig-

nificant difference between indicators derived from the mHealth application versus those

obtained from paper-based registers as follows: 1) the proportion with complete personal data

(mHealth 95% versus 94% paper register); 2) the proportion with a recorded specimen result

(mHealth 97.4% versus 97.8% paper register); 3) the proportion with Xpert MTB/RIF positive

result (mHealth 10.3% versus 10.6% paper register). (Table 2). The proportion of Xpert MTB/

RIF positive TB results with a subsequent sputum smear result (mHealth 84.8% versus paper

register 52.9%) was significantly higher with the mHealth application (Table 2).

Acceptability

Qualitative interviews were conducted with 21 TB patients (11 with positive sputum for TB

and 10 with negative TB sputum results) and eight healthcare workers.

Table 1. Baseline characteristics of patients in pre-implementation and implementation period.

Pre-implementation period Implementation period

Variables N (%) N (%)

N = 457 N = 319

Gender

Male 195 (42.7%) 131 (41.1%)

Age (median, IQR) 34 (28–40) 32 (27–38)

HIV status (self-reported) 353 (77.2%) 259 (81.2%)

Opted to receive results via text

Yes N/A 286 (89.6%)

No N/A 31 (9.7%)

Text for availability of results N/A 2 (0.6%)

IQR: Interquartile range; N/A: not applicable

https://doi.org/10.1371/journal.pone.0199687.t001
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Cognitive participation: The majority of patients (n = 13) valued the convenience of the

mHealth application allowing them to access results without having to visit the clinic (Table 3,

Quote 1). The majority of providers believed that the mHealth application assisted patients to

start TB treatment earlier (Table 3, Quote 2 and 3).

Collective action: Some providers (n = 4) expressed concerns about technical difficulties

experienced while using the mobile devices during the initial phase of implementation. How-

ever, they indicated that the use of technology improved with experience (Table 3, Quote 4).

Once providers gained experience using the application they reported that it assisted them to

start patients on TB treatment because patients returned to the clinic promptly after receiving

results on their cell phones (Table 3, Quote 8). Some patients (n = 6) also reported that they

encountered technical challenges that prevented them from retrieving their results (Table 3,

Quote 5). At times, this arose through software malfunction that failed to deliver results despite

patients correctly following retrieval instructions. Individual comprehension of steps also

interfered with retrieving results (Table 3, Quotes 6 and 7). Patients who received results

reported that it facilitated their return clinic visit (Table 3, Quote 9).

Reflexive monitoring: Overall, the majority of interviewed providers (n = 7) and patients

(n = 14) were satisfied with the intervention. Providers perceived that the mHealth application

assisted with patients returning to the clinic faster to start on TB treatment and saved patients’

time (Table 3, Quote 10 and 11).

Confidentiality: Some patients (n = 7) raised the matter of confidentiality of receiving

results through text messaging and six of them appreciated receiving results via pin-protected

text message (Table 3, Quote 12). There were no reports of inadvertent disclosure of results.

Potential effectiveness

The largest improvement we observed in implementing the mHealth application was the pro-

portion of TB results documented at the clinic within 48 hours when comparing the observa-

tion period immediately prior to mHealth use and the mHealth implementation period.

During the pre-implementation period 68.6% of TB results were documented at the clinic

within 48 hours compared to 96.8% in the implementation period (Table 4). Time to TB

Table 2. Feasibility of documenting data using the mHealth application compared to paper register.

Implementation period

Paper

register

mHealth P value

Process indicators N (%) N (%)

Total population screened by health care workers at clinics using TB

screening tool

N = 319 N = 319

Number with complete personal details 300/319

(94.0)

303/319

(95.0)

0.54

Number with a recorded specimen result 312/319

(97.8)

311/319

(97.4)

0.79

Number with Xpert1 MTB/RIF positive result 34/319

(10.6)

33/319(10.3) 0.89

Number of positive, Rif sensitive Xpert1 MTB/RIF results with a

baseline specimen submitted for

smear microscopy

18/34 (52.9) 28/33 (84.8) <0.001

TB: Tuberculosis; Rif: Rifampicin

https://doi.org/10.1371/journal.pone.0199687.t002
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treatment was decreased from 4 days (IQR 2–6) in the pre-implementation period to 3 days

(IQR 2–5) in the implementation period; this was not statistically significant (p = 0.5).

Table 3. Patients and provider experiences of the mHealth intervention for TB case investigation.

Evaluation domains Quote

Cognitive

participation

QUOTE 1:“Yes I would recommend it, at least it saves you time than you coming to the clinic
standing in a queue and you will get the same result as the one you will get on your phone.
When you get it on your phone, you at home, you do not leave, or when you are at work, and
sometime at work you cannot get day offs just to come and collect results. And when you come
to the clinic to collect your result you must come in the morning. You see, it clashes with the
time to work. When you get via a text message it is easy, you can go to work and still get your
result.” Female TB negative patient no 5, clinic B

QUOTE 2: “I strongly recommend it because we have a community that moves around a lot,
so it will help because people leave the sputum then go to KZN [Kwazulu Natal Province]. If
they have this system in place, they would go to the nearest clinic and show them the result and
start them on treatment”. Female, facility manager clinic B

QUOTE 3: “Yes [I would recommend it]. It will make TB rooms work much easier. If it can
be something that is used permanently in all the clinics it can make everything easier. It really
makes things easier; we do not have to wait for hard copy because the printing of results delays
sometimes and you can get the results after 2 days. But this one [text message intervention]

you get your results within 24hrs like I send a sputum today and tomorrow morning the results
are back I initiate the patient without me waiting for hardcopy which can take even 3 days
because a human error happens there courier takes the results to another or wrong clinic then
it delays the process of starting TB treatment”. TB nurse, Clinic A

Collective action QUOTE 4: “we did experience challenges in the beginning because the tablet scanner was not
able to capture barcode and it was delaying us. Then we reported it to the research team leader
who acted fast and they got us a manual scanner and . . ...capturing of barcode was faster“. TB

nurse, clinic B

QUOTE 5: “yes I got the text message, . . ..the sister said when I get a text message, she gave me
these other numbers [the pin code], [and] she said I must send to that number. She showed me
how. I did what she said, [but] I did not get [result], so I never got the result.” Male TB

negative patient 3, clinic B

QUOTE 6: “They sent them [results] but I was not responding in a good way until I came to
the clinic and they assisted me in getting the results, I pressed wrongly on my phone.” Male TB

positive patient no 3, clinic B

QUOTE 7: “text message I got it, but, I am not well educated, I asked the ones that are, they
said I did not have TB, but I may have it, they will follow on it.” Male TB negative patient no

3, clinic B

QUOTE 8: “Most of the patients were coming back before I call them or send a tracer, if their
results were positive.” TB nurse, Clinic B

QUOTE 9: “The person I saw here when I arrived treated me well a nurse that work here in
TB room, I told her I have received the results and the text saying I have got TB then she said I
must wait next to Tb room since there was someone in the room then I will get in when they
leave, I did not even take long maybe ±20 to 30 minutes to finish, I got helped very quickly.”
Male TB positive patient 5, Clinic A

Reflexive monitoring QUOTE 10: “It [the text message intervention] help that client came quicker to start
treatment, they didn’t delay in coming, others even before we could think they would be here
they were already in the clinic to start treatment and those who were lost to follow-up we could
immediately see that these need to be contacted so that they can come and start treatment.”
Facility manager, Clinic A

QUOTE 11: “Patients were satisfied because some of them did not have to ask for permission
[from work] to come to the clinic more especially the ones that the results come back negative.”
Facility manager, Clinic B

Confidentiality QUOTE 12: “sister like I know my phone it’s mine, it’s my private inside, even if I get a text I
will open it and see it myself, and no one will know what is happening on my phone, I think it’s
a good way to receive your result through text through the phone. Than to come to the clinic
sister, and for the sister to see it. Male TB negative patient no 2, clinic B

https://doi.org/10.1371/journal.pone.0199687.t003
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Discussion

This pilot study demonstrated that our mHealth intervention to improve the TB care was feasi-

ble, acceptable and appeared to offer advantages over the paper based register. The study

showed that the mHealth TB evaluation and treatment management application effectively

supported all paper register functions while appearing to improve data quality and to decrease

time to TB treatment initiation.

One of the reasons why the mHealth application reduced the time for patients to start TB

treatment is that patients returned to the clinic when they were notified of result availability.

This eliminated the time required by the laboratory to hand-deliver printed sputum results to

the clinic, and the time required for TB nurses to sort the paper results and call patients with

positive results. The fact that patients did not need to return to clinic until notified that results

were available also has potential to considerably lessen the financial and time burden on those

who test TB negative. It has potential to reduce the workload on TB nurses as fewer patients

with negative results would need to return to the clinic. Further, we observed that patient’s

knowledge of their sputum results enhanced their self-efficacy: for example, patients who

tested positive for TB arrived at the clinic requesting TB treatment. An additional reason for

improved time to receipt of results and TB treatment initiation is that our mHealth application

eliminated the administrative work required to locate patients’ register entries and file their

paper-based results as healthcare workers could rapidly locate patient’s results on the tablet.

Our findings are similar to a study done in Swaziland that delivered sputum TB results via text

message to clinics and showed an improved turnaround time to TB treatment initiation com-

pared to receiving results via paper reports [16].

Improvements in indicators when comparing the mHealth application to the paper-based

register likely represents valid and meaningful changes. For example, the mHealth application

obtained TB lab results through a direct data download from the national laboratory system

server through a matching process based on the specimen identification barcode. Therefore

the mHealth register contained the “true” result reported in the national database and elimi-

nated potential for human transcription error. In contrast, sputum results were written into

the paper register by a health care worker after: (1) a hard copy of the laboratory results were

received at the clinic, AND (2) the health care worker appropriately filed the results, AND (3)

the health care worker correctly transcribed the data into the register. Each of these three steps

was open to system or human error. Regarding the proportion of TB positive patients on treat-

ment by 28 days after testing, this reflects the date of treatment commencement as recorded by

health care worker in either the register or the mHealth application. Data entry into the regis-

ter or the mHealth application was subject to same risk of error, however, the mHealth

Table 4. Process indicators assessing potential effectiveness of using mHealth application compared with paper register.

Pre-implementation Implementation

Source of data Paper register mHealth P value

Process indicators N (%) N (%)

Number with turn-around time for sputum results within 48 hours 293/427 (68.6) 309/319 (96.8) <0.001

Time to TB treatment, median (IQR) 4 (2–6) 3 (2–5) 0.50

Number on treatment within 48 hours of testing Rif susceptible TB positive 14/44 (31.8) 10/33 (30.3) 0.85

Number on treatment within 28 days of testing Rif susceptible TB positive 30/44 (68.2) 28/33 (84.8) 0.08

Number lost to follow-up (not on treatment within 56 days) 14/44 (31.8) 5/33 (15.2) 0.08

TB: Tuberculosis, Rif: Rifampicin, IQR: Interquartile range

https://doi.org/10.1371/journal.pone.0199687.t004
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application date entry field included inbuilt validity checks to reduce incorrect date entry (E.g.

selecting today’s date as the date of visit; and preventing visit dates out of a set range).

Implementation of the application was not without challenges. Patient-level challenges

were related to lack of proficiency in receiving text messages, in understanding the content of

the messages and in replying to text messages with their secret pin. Patient-level challenges

with retrieving laboratory results through mobile applications have been reported in other

studies and were ascribed to literacy levels and familiarity with using a mobile phone [17]. In a

study done in Uganda, persons who were not concerned about confidentiality of receiving

results via text message and who were illiterate approached a person they trusted to read their

results for them [18]. However, these patient-level challenges may be overcome with improved

patient instruction or instructional aids. In addition, proficiency in the use of mobile phone

applications will improve as society increasingly adopts mobile technology. This, along with

the qualitative satisfaction in the use of the application by the majority of our participants, sug-

gests that the added value of the application outweighs obstacles created by patient-level

challenges.

This was a pilot study in two clinics using the mHealth application in parallel with the TCP

paper case investigation register. Thus, the generalizability to wider use and to system deploy-

ment in the absence of a paper-based register cannot be directly inferred from the study. How-

ever, we believe that dispensing with the paper register will increase efficiency without

compromising care or programmatic TB reporting. Notably, the mHealth application was able

to sustain TB evaluation and management in two busy public sector primary care clinics whilst

simultaneously being fully operational by public sector staff.

In conclusion, we have demonstrated that the mHealth application tested in this study may

take the place of current paper-based TCP case-finding tools, and may have potential to sub-

stantially reduce the time to TB treatment initiation, improve TCP management, identify per-

sons with delay in TB treatment initiation and empower patients with direct receipt of TB

results. Implementation of an mHealth application to support and improve the TB care has the

potential to substantially improve treatment indicators and patient-level outcomes and large-

scale evaluations of this technology are urgently required.
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