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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:

() Determining causes of death amongst people undergoing TB investigation using
verbal autopsy in South Africa

(i) 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.



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unpublished manuscript presenting the studies.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.
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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
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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
(2). 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).



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).



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



have TB and are eligible for further investigations to confirm active disease. People with HIVV
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/mm?®. The initiation of ART in those with a CD4 count above
350 cells/mm?® was deferred to after completion of TB treatment. ART initiation was also only
prioritised for patients with a CD4 <200 cells/mm? (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/mm? (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/mm? and that ART should be
deferred after completion of treatment for those who have a CD4 >200 cells/mm? (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).



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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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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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 s 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

(Appendix B)

(Appendix B)

(Appendix B)

Studies

Verbal Autopsy Case manager study mHealth study
(nested in
XTEND trial)

Objectives Papers
| 1 il v
Cause-specific | Case manager Case manager | mHealth
mortality using | intervention intervention application
Verbal - Quantitative - Qualitative -Quantitative
Autopsy study study -Qualitative

(Appendix B)

To describe cause-specific
mortality in a cohort of adults
being investigated for TB using
verbal autopsy

(Objective 1)

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)

To explore the barriers and
facilitators of TB treatment
initiation and linkage to HIV
care in primary health care
facilities.

(Objective 3)

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)
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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 CCV A 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 InterVVA 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 HIVV/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, ¢) 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 STls, 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 naive 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 naive 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 Lowestein 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/mm? should be started on ART within 2 weeks of
starting TB treatment and those with CD4 count > 50 cells/mm? 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/mm? in 2013, to having CD4 count < 500 cells/mm? 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 HIVV 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.

e 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.

e 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.

e mHealth interventions have b