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Abstract

Background: Despite the available treatment options, pulmonary tuberculosis (TB) remains a leading cause of disease-
related deaths worldwide. Treatment non-adherence/lost to follow-up (LTFU), particularly in developing countries, is a
continuous concern. LTFU prolongs TB infectiousness and contributes to TB treatment failure, relapse, and death.
Furthermore, LTFU also delays global TB eradication by promoting TB spread and drug-resistant TB strain
development. The purpose of this paper is to give an overview of the commonly observed risk factors associated with
TB treatment LTFU in developing countries.

Materials and Methods: A literature survey was done of studies published in the past decade, which evaluated the risk
factors for LTFU in TB patients, specifically in developing countries. Furthermore, some prospective TB treatment
adherence initiatives and the feasibility of these initiatives within developing countries were assessed.

Results: Several variables, including socio-demographic, patient-related, TB disease and other health-related-factors,
healthcare and system determinants, as well as treatment-related factors, were identified to increase the risk of TB
treatment LTFU. More recently applied adherence interventions in developing countries, show potential for
implementation on a larger scale.

Conclusion: Successful TB treatment is contingent on treatment adherence, and by addressing these persisting LTFU
risk factors, treatment adherence in developing countries may be improved.

Keywords: Developing countries, DOTS adherence, Adherence interventions, Lost to follow-up, Tuberculosis.

List of Abbreviations: AIDS: Acquired immune deficiency syndrome; AUDIT: Alcohol Use Disorder Identification
Test; DOT: Directly observed treatment; DOTS: Directly observed treatment, short-course; HIV: Human
immunodeficiency virus; LTFU: Lost to follow-up; M. tuberculosis: Mycobacterium tuberculosis; TB: Tuberculosis
WHO: World Health Organisation;

Introduction

Pulmonary tuberculosis (TB) is currently the second leading cause of death from a single infectious agent,
following coronavirus disease (COVID-19), and ranking above human immunodeficiency virus (HIV)/acquired
immune deficiency syndrome (AIDS) (WHO, 2021). In 2020 alone, an estimated ten million people globally were
newly infected with the causative agent of TB, Mycobacterium tuberculosis (M. tuberculosis) (WHO, 2021).
Developing countries, broadly located in Africa, Latin America, the Caribbean, Asia (excluding Israel, Japan, and
South Korea) and Oceania (excluding Australia and New Zealand) (UNCTAD, 2022) are mostly affected, with TB
incidence rates of up to more than 500 cases per 100 000 population per year, as opposed to less than 10 cases per
100 000 population per year in developed countries (WHO, 2021). Furthermore, 84% of all reported TB deaths
globally (among HIV-negative individuals) occurred in the African and South-East Asia regions in 2019 (WHO, 2021).
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TB is, however, considered a curable disease, with effective treatment regimens in place. In 2019, treatment success
rates (including cured and treatment completed outcomes) were reported to be 86% for new and relapse TB cases, 77%
for new and relapse HIV-positive TB cases, and 59% for multidrug-resistant and rifampicin-resistant cases (WHO,
2021). The unsuccessful treatment cases cumulatively include failed treatment, deceased cases, those not evaluated,
and lost to follow-up patients (LTFU) (Table 1), the latter being the focus of this review.

Table 1: World Health Organisation (WHO)-assigned definitions for treatment outcomes of Tuberculosis patients
(excluding multidrug- or rifampicin-resistant cases) (WHO, 2014).

Tuberculosis treatment | World Health Organisation (WHQO)-assigned definition
Outcome
A pulmonary TB patient with bacteriologically confirmed TB at the beginning of treatment who
Cured was smear- or culture-negative in the last month of treatment and on at least one previous
occasion.
A TB patient who completed treatment without evidence of failure BUT with no record to show
Treatment completed that sputum smear or culture results in the last month of treatment and on at least one previous
occasion were negative, either because tests were not done or because results are unavailable.
Treatment failed A TB patient whose sputum smear or culture is positive at month five or later during treatment.
Died A TB patient who dies for any reason before starting or during the course of treatment.
Lost to follow-up A TB patient who did not start treatment or whose treatment was interrupted for two consecutive
(LTFU) months or more.
A TB patient for whom no treatment outcome is assigned. This includes cases “transferred out”
Not evaluated to another treatment unit as well as cases for whom the treatment outcome is unknown to the
reporting unit.
Treatment success The sum of cured and treatment completed.

Given the adaptability of bacteria to the environment, adherence to the prescribed TB treatment regimen is
crucial, and even one missed dose greatly increases the chance of acquiring drug-resistant M. tuberculosis (Tola et al.,
2019). In addition to the development of drug resistance, treatment LTFU can also cause prolonged infectiousness,
with the possibility of treatment failure, relapse, and death (Tola et al., 2019).

TB treatment LTFU can be a consequence of a large number of variables, which can be divided into five
categories, namely: (1) socio-demographic factors, (2) patient-related factors, (3) TB disease and other health-related
factors, (4) healthcare and system determinants, and (5) treatment-related factors (WHO, 2003).

Despite the acknowledgement of these LTFU risk factors, treatment non-adherence persists, particularly in
developing countries such as Ethiopia and Nigeria, with TB LTFU rates in 2021 being reported as 20.9% (Kimani et
al., 2021) and 30.5% (lweama et al., 2021), respectively.

The focus of this review is to give an overview of the risk factors which are regularly associated with first-line
TB treatment LTFU in developing countries, and to evaluate if these factors still match those determined previously
(WHO, 2003).

Alternative TB treatment regimens and drug resistance can have an impact on LTFU incidence. Therefore, we
mainly focussed on the LTFU determinants of drug-susceptible pulmonary TB cases, treated under the standardised
first-line treatment regime in developing countries. Furthermore, we assess the efficacy of recently proposed adherence
intervention strategies, with a specific focus on their feasibility in developing countries.

Factors associated with TB treatment lost to follow-up
Socio-demographic factors

Treatment adherence is known to be influenced by socio-demographic characteristics such as age, gender,
nationality, race, occupation, residential area, education level, monthly income, marital status, and socioeconomic stand
(WHO, 2003). The following is an overview of the most prevalent socio-demographic factors currently associated with
TB treatment LTFU in developing countries.
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Age

The occurrence of age as a risk factor for TB treatment non-adherence is contradictory. Several studies have
found that older age (ranging from >45 to >60 years) is associated with TB treatment LTFU (Chen et al., 2013, Patra et
al., 2013, Lin et al., 2017, Mukhtar and Butt, 2017, Mundra et al., 2017, Muluye et al., 2018), while others linked this
risk to younger age groups, mostly between 15 and 45 years (Marx et al., 2012, Nour El Din et al., 2013, Nglazi et al.,
2015, Tesfahuneygn et al., 2015, Harling et al., 2017, Wohlleben et al., 2017, Mulongeni et al., 2019, Kimani et al.,
2021). Some studies, on the contrary, found that age had no significant impact on TB treatment adherence, including
more recent research conducted in several developing countries (Ajema et al., 2020, Robsky et al., 2020, Ahmed and
Mohan, 2021, lweama et al., 2021, Workie et al., 2021).

The rationale behind age group as a risk factor for treatment LTFU was previously related to the fact that older
patients experience more extensive TB disease or other age-related health comorbidities (Mundra et al., 2017) and
suffer more severe adverse drug events (Chida et al., 2015). Younger age groups, on the other hand, were more likely
to be subjected to additional socioeconomic obstacles, such as work responsibilities (Chida et al., 2015, Kimani et al.,
2021). These characteristics are, however, not set in stone, and age should therefore be considered as a risk factor on
an individual basis, taking other related factors and circumstances into account.

Gender

Although gender is rarely identified as a significant treatment LTFU risk factor (Peltzer et al., 2012, Sendagire
et al., 2012, Zhou et al., 2012, Jenkins et al., 2013, Kayigamba et al., 2013, Liddle et al., 2013, Nour EI Din et al.,
2013, Babiarz et al., 2014, Putera et al., 2015, Roy et al., 2015, Tesfahuneygn et al., 2015, Theron et al., 2015, Ali and
Prins, 2016, Flick et al., 2016, Mukhtar and Butt, 2017, Viegas et al., 2017, Woimo et al., 2017, Ambaw et al., 2018,
Mekonnen and Azagew, 2018, Fang et al., 2019, Ajema et al., 2020, Robsky et al., 2020, Iweama et al., 2021, Workie
et al., 2021), some studies have stipulated that being male increased the risk of TB treatment non-adherence (Muture et
al., 2011, Culqui et al., 2012, Garrido et al., 2012, Marx et al., 2012, Babalik et al., 2013, Naidoo et al., 2013,
Tachfouti et al., 2013, Babalik et al., 2014, Cherkaoui et al., 2014, Chida et al., 2015, Lackey et al., 2015, Nglazi et al.,
2015, Lei et al., 2016, Harling et al., 2017, Kigozi et al., 2017, Lin et al., 2017, Mundra et al., 2017, Silva et al., 2017,
Wohlleben et al., 2017, Gube et al., 2018, Muluye et al., 2018, Mulongeni et al., 2019, Afshari et al., 2020). This
might, in turn, be connected to the increased TB prevalence in males, with adult males accounting for 56% of all newly
reported TB cases in 2020 (WHO, 2021). Additionally, it was suggested that this could be linked to other socio-
economic factors, such as, for example, the fact that males are often seen as the primary source of income in many
cultures and cannot afford to cease working to get regular medical care (Tachfouti et al., 2013).

Socio-economic stand

Income, education, and employment are all elements which have an impact on an individual’s ability to make
healthy decisions and could therefore add to the prevalence of TB treatment LTFU. In accordance, numerous
independent studies identified factors related to a poor socio-economic stand as being determinants of TB treatment
LTFU. This included low monthly income (Muture et al., 2011, Cherkaoui et al., 2014, Theron et al., 2015, Gube et
al., 2018, Fang et al., 2019, Ahmed and Mohan, 2021, lweama et al., 2021), rural (Ali and Prins, 2016, Lin et al., 2017,
Mukhtar and Butt, 2017) or urban residence area (Tachfouti et al., 2013, Ambaw et al., 2018), dwelling type such as
homelessness, shared/sheltered housing (Peltzer et al., 2012, Jenkins et al., 2013, Cherkaoui et al., 2014, Silva et al.,
2017, Wohlleben et al., 2017), unemployment (Tachfouti et al., 2012), blue collar type of work (Finlay et al., 2012,
Liddle et al., 2013, Ali and Prins, 2016, Woimo et al., 2017) or work that require long working hours (Zhou et al.,
2012, Cherkaoui et al., 2014, Mekonnen and Azagew, 2018), and low education levels (Culqui et al., 2012, Finlay et
al., 2012, Garrido et al., 2012, Jenkins et al., 2013, Cherkaoui et al., 2014, Lackey et al., 2015, Tesfahuneygn et al.,
2015, Mukhtar and Butt, 2017, Silva et al., 2017, Woimo et al., 2017, Gube et al., 2018).

Patient-related factors

Patient-related factors, such as, for example, social support, TB disease and treatment perceptions and knowledge, TB
stigmatisation, as well as other behavioural factors, including relocation, travelling, smoking, alcohol, and substance
use, have been shown to influence an individual’s health-seeking behaviours and TB treatment adherence.

Lack of social support

The lack of social support, defined as the perceived and actual lack of assistance given by close friends,
family, and the community (Zarova et al., 2018, Chen et al., 2021), have been identified as a risk factor for LTFU in

62



developing countries (Culqui et al., 2012, Finlay et al., 2012, Liddle et al., 2013, Cherkaoui et al., 2014, Ali and Prins,
2016, Gube et al., 2018, Ajema et al., 2020). Patients who have sufficient social support report greater levels of
physiological well-being, while those who lack social support could experience a worse quality of life and higher levels
of physiological stress. This in turn, have been linked to patients being less likely to adhere to TB treatment (Zarova et
al., 2018, Chen et al., 2021).

TB disease and treatment illiteracy

Limited knowledge about the TB disease and the treatment thereof amongst populations in developing
countries is also frequently identified as a significant factor contributing towards LTFU (Vijay et al., 2010, Muture et
al., 2011, Tachfouti et al., 2012, Zhou et al., 2012, Cherkaoui et al., 2014, Putera et al., 2015, Roy et al., 2015, Theron
et al., 2015, Viegas et al., 2017, Woimo et al., 2017, Mekonnen and Azagew, 2018, Fang et al., 2019, Ajema et al.,
2020, Iweama et al., 2021). This treatment illiteracy leads to many patients simply stopping treatment, either because
they felt some discomfort (adverse drug events) during treatment (Vijay et al., 2010, Muture et al., 2011, Finlay et al.,
2012, Sendagire et al., 2012, Tachfouti et al., 2012, Cherkaoui et al., 2014, Chida et al., 2015, Roy et al., 2015,
Tesfahuneygn et al., 2015, Wohlleben et al., 2017, Woimo et al., 2017, Gube et al., 2018, Iweama et al., 2021) or
started to feel better (Muture et al., 2011, Peltzer et al., 2012, Sendagire et al., 2012, Tachfouti et al., 2012, Liddle et
al., 2013, Cherkaoui et al., 2014, Ahmed and Mohan, 2021, Kimani et al., 2021), without comprehending the full
consequences of treatment interruption. A study conducted in India found that the majority of the LTFU patients
investigated seem to complete at least the first two months of treatment (Ahmed and Mohan, 2021), while in a South
African study it was found that the median period from treatment onset to LTFU was 101 days which, in turn, was
linked to TB symptom relief (Kigozi et al., 2017). In a few instances, however, particularly in studies conducted in
Ethiopia and India, the association between TB and treatment illiteracy and LTFU incidences was found to be
meaningless (Tesfahuneygn et al., 2015, Workie et al., 2021).

TB stigmatisation

TB and treatment illiteracy are further enhanced by misinformation, which according to Msoka et al. (2021)
creates a knowledge gap that is often filled with superstition and stigma. In West Africa for instance, Msoka et al.
(2021) reported a stigma that links TB with an ethnic or familial curse, and it is thought that patients are extremely
unhygienic, and that the disease is highly contagious, so much so that even healthcare practitioners avoid interacting
with TB patients. As a result, individuals are more likely to keep their disease hidden and are less inclined to seek
medical care (Msoka et al., 2021). Furthermore, it is reported that the general community in East Africa believe that
anybody testing positive for TB is also HIV infected, exacerbating unfavourable attitudes toward TB patients, and
negatively impacting treatment adherence (Msoka et al., 2021).

Although not classified as a risk factor for LTFU in a number of studies (Tachfouti et al., 2012, Gube et al.,
2018, Ajema et al., 2020, Iweama et al., 2021, Workie et al., 2021), several studies did identify TB stigmatisation as a
significant treatment LTFU risk factor (Muture et al., 2011, Finlay et al., 2012, Nour El Din et al., 2013, Putera et al.,
2015, Wohlleben et al., 2017). In contrast, however, one study conducted in South Korea, a developed country,
reported that TB stigmatisation enhances treatment adherence and identified stigma absence as a predictor of treatment
LTFU (Park et al., 2016). This occurrence was, however, still attributed to the patients' shame for having tuberculosis
and thus seeking treatment early (Park et al., 2016).

Relocation and travelling

Different investigations could associate relocation (Finlay et al., 2012, Peltzer et al., 2012, Sendagire et al.,
2012, Ali and Prins, 2016, Mukhtar and Butt, 2017, Wohlleben et al., 2017, Kimani et al., 2021) and travelling (Liddle
et al., 2013, Tesfahuneygn et al., 2015, Mekonnen and Azagew, 2018, Kimani et al., 2021) during TB treatment with
an increased risk of treatment non-adherence. This was mostly ascribed to the fact that patients are not aware of
procedures for treatment transfers to other facilities or drug collection while travelling.

Alcohol, smoking and substance use

In addition to the factors discussed above, other social behavioural factors, such as excessive tobacco, alcohol,
and substance use, have been shown to contribute to TB treatment LTFU.

Alcohol consumption, ranging from moderate (Culqui et al., 2012, Finlay et al., 2012, Cherkaoui et al., 2014,
Lackey et al., 2015, Roy et al., 2015, Harling et al., 2017, Gube et al., 2018, Mekonnen and Azagew, 2018) to heavy
(Vijay et al., 2010, Muture et al., 2011, Garrido et al., 2012, Sendagire et al., 2012, Jenkins et al., 2013, Naidoo et al.,
2013, Tesfahuneygn et al., 2015, Theron et al., 2015, Silva et al., 2017, Viegas et al., 2017, Workie et al., 2021)
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alcohol use, is found to be significantly associated with TB LTFU cases. However, there are a number of studies where
this relationship was considered to be insignificant (Peltzer et al., 2012, Nour El Din et al., 2013, Putera et al., 2015,
Wohlleben et al., 2017, Woimo et al., 2017, Ambaw et al., 2018, Ajema et al., 2020, Iweama et al., 2021).

In a similar manner, many studies point to current smoking or tobacco use as a significant risk factor for TB
LTFU (Vijay et al., 2010, Naidoo et al., 2013, Tachfoulti et al., 2013, Cherkaoui et al., 2014, Chida et al., 2015, Roy et
al., 2015, Tesfahuneygn et al., 2015, Mukhtar and Butt, 2017, Gube et al., 2018, Ajema et al., 2020, lweama et al.,
2021, Workie et al., 2021), with a few identifying smoking history as a contributing element (Lackey et al., 2015, Silva
et al., 2017). On the contrary, some studies found no significant association between smoking status and treatment
LTFU (Peltzer et al., 2012, Nour El Din et al., 2013, Putera et al., 2015, Theron et al., 2015, Viegas et al., 2017).

Many research groups additionally linked substance abuse with TB treatment LTFU (Culqui et al., 2012,
Jenkins et al., 2013, Cherkaoui et al., 2014, Lackey et al., 2015, Tesfahuneygn et al., 2015, Silva et al., 2017,
Wohlleben et al., 2017, Ambaw et al., 2018), with only a few reporting this association to be insignificant (Finlay et
al., 2012, Ajema et al., 2020, Workie et al., 2021).

These behavioural actions could lead to the disruption of medication intake (i.e., lead to forgetfulness (Roy et
al., 2015)) and negatively affect help-seeking and treatment processes, resulting in poor treatment adherence (Theron et
al., 2015, Workie et al., 2021). Alcohol use for instance, has been linked to increased physiological stress, which in
turn has also been associated with TB treatment non-adherence (Theron et al., 2015). Furthermore, alcohol use also
contributes to liver damage, which could aggravate the adverse drug events induced by TB drugs (Roy et al., 2015,
Theron et al., 2015).

Healthcare and system determinants

In addition to variables related to the patients themselves, treatment adherence is also influenced by factors
related to healthcare and the systems in place to provide TB treatment. These determinants include: the accessibility to
treatment sites, patient-provider interactions, treatment costs, healthcare worker expertise and TB and treatment
counselling given, the sort of DOT (directly observed treatment) supervision, treatment costs and diagnostic regimes.

TB treatment site accessibility

When assessing characteristics associated with TB treatment LTFU, specifically in developing countries,
accessibility to TB treatment sites is a crucial issue to consider. For many TB patients, DOT clinics are too far away,
and transit costs can be prohibitively high, if at all available (Woimo et al., 2017). Although the relationship between
the location of the treatment site and LTFU incidence is occasionally shown to be negligible (Vijay et al., 2010, Zhou
et al., 2012, Roy et al., 2015, Tesfahuneygn et al., 2015, Harling et al., 2017, Fang et al., 2019), it is frequently
indicated to be significant (Tachfouti et al., 2012, Ali and Prins, 2016, Lei et al., 2016, Woimo et al., 2017, Gube et al.,
2018, Mekonnen and Azagew, 2018, Iweama et al., 2021), with patients often citing long distance (Nour El Din et al.,
2013) and inaccessibility (Muture et al., 2011) to treatment sites as reasons for LTFU. Interestingly, a Ugandan study
found that being two kilometres away from the treatment site, as opposed to being closer, resulted in better treatment
adherence (Robsky et al., 2020). These patients did, however, present with a greater risk of mortality during treatment
due to more severe TB disease, which is suggested to have driven them to better adhere to treatment (Robsky et al.,
2020).

Patient-provider relationship and perceived healthcare worker expertise/attitude

Several LTFU patients have reported that they did not receive appropriate care or support during their
treatment and that this led to the consequent non-adherence. Inconvenient clinic hours (Finlay et al., 2012), long
waiting times (Muture et al., 2011, Nour El Din et al., 2013, Tesfahuneygn et al., 2015, Gube et al., 2018, Workie et
al., 2021), and poor patient-provider relationships (due to patient perceived attitude/trustworthiness of healthcare staff
(Vijay et al., 2010, Culqui et al., 2012, Tachfouti et al., 2012, Nour El Din et al., 2013, Roy et al., 2015, Woimo et al.,
2017, Mekonnen and Azagew, 2018)) are frequently mentioned by patients in developing countries as reasons for
LTFU. Furthermore, numerous patients stated that they received insufficient education/counselling about TB treatment
and that the rationale behind the six-month program was not explained (Finlay et al., 2012, Zhou et al., 2012, Lei et al.,
2016, Woimo et al., 2017).

DOT supervision

The World Health Organisation (WHO) recommends that TB drugs are administered by patients under
supervision (DOT) (WHO, 2021). Although supervision by healthcare professionals is the best option, in some cases,
such as in many developing countries, where resources are limited, this strategy is challenging to implement. In this
case, the WHO advises that any person or video monitoring be used, as long as it is done in real time (WHO, 2020).
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Studies have, however, identified the supervision by someone other than a healthcare professional (Woimo et
al., 2017, Fang et al., 2019), including self-supervision (Zhou et al., 2012) or a family member (Lei et al., 2016, Lin et
al., 2017), as being a risk factor for LTFU. Conversely, one study, conducted in China, identified family supervision as
a protective factor against treatment LTFU, owing to the general and psychological support offered by family members
(Chenetal., 2013).

Treatment costs

Healthcare related costs, including direct treatment costs (Putera et al., 2015, Lei et al., 2016), and other
indirect costs, such as lower income due to work disruption for treatment appointments (Chida et al., 2015), have been
identified as risk factors for TB treatment LTFU in Indonesia, China, and Pakistan, respectively. Although some
countries provide free TB treatment as part of their national TB programs, these programs, such as the one in Ethiopia,
was demonstrated to not necessarily include the medication required for the treatment of adverse drug events, such as
liver damage, thereby adding to the probability of LTFU (Woimo et al., 2017).

Inadequate diagnostic regimes

Pre-treatment sputum smear results have been identified as a significant risk factor for TB treatment
adherence. This relationship is, however, contradictory, with some studies linking a positive result to an increased
chance of LTFU (Harling et al., 2017, Afshari et al., 2020), while others report that a negative result is more likely to
result in LTFU (Flick et al., 2016, Kigozi et al., 2017, Muluye et al., 2018), suggesting that the patients did perhaps not
get adequate program attention, resulting in dissatisfaction with treatment services (Kigozi et al., 2017).

TB re-treatment is another identified risk for treatment LTFU (Muture et al., 2011, Culqui et al., 2012, Finlay
et al., 2012, Garrido et al., 2012, Marx et al., 2012, Peltzer et al., 2012, Chen et al., 2013, Liddle et al., 2013, Babiarz
et al., 2014, Cherkaoui et al., 2014, Gafar et al., 2014, Kigozi et al., 2017, Wohlleben et al., 2017, Mekonnen and
Azagew, 2018, Muluye et al., 2018, Mulongeni et al., 2019, Ajema et al., 2020, Ndambuki et al., 2021), mainly
because these patients are discouraged to go through a second round of treatment, which was unsuccessful the first time
(Ajema et al., 2020, Koo et al., 2020). Before re-treatment commences, drug susceptibility testing is recommended to
ensure the absence of any drug-resistant strains, which will require adapted treatment (Cadosch et al., 2016).
Bacteriological confirmation is necessary for drug susceptibility testing (WHO, 2021), but in 2020, only 59% of all
global TB cases were bacteriologically confirmed, and merely 71% of these included rifampicin-resistance testing. By
adding the lack of required infrastructure and questionable reliability of patient treatment history to the unconfirmed
diagnosis, many re-treatment cases are being placed on the same treatment regime for a second time. This approach is
against the WHO’s recommendation and is unlikely to result in a higher overall success rate, as shown in data recorded
in West Ethiopia (Dedefo et al., 2019).

Treatment-related factors

Drug-susceptible, active TB is currently treated with a six-month DOT, short-course (DOTS) program (WHO,
2021). DOTS treatment consists of two phases, an initial, intensive two-month phase, which entails the co-
administration of four first-line drugs, isoniazid, rifampicin, pyrazinamide, and ethambutol, followed by the second
phase, including only rifampicin and isoniazid, for a further four months (WHO, 2021). It has been shown that the
treatment burden (high pill load and long treatment period) as well as the occurrence of adverse drug events, could
further contribute to LTFU.

Treatment burden

The fact that these first-line drugs have to be administered daily, makes the pill burden of TB treatment too
high for certain patients (minimum of 9 pills per day for a person weighing 50 kg (Blomberg et al., 2001)), resulting in
treatment non-adherence, as seen in populations from Ethiopia and Peru (Culqui et al., 2012, Woimo et al., 2017). In
addition, treatment length is also recognized to be a barrier for treatment adherence, with some studies done in
developing countries such as Ethiopia, Kiambu County, and India demonstrating that the majority of LTFU instances
already occurred during the intensive phase of TB treatment (Mundra et al., 2017, Woimo et al., 2017, Kimani et al.,
2021). When systematically investigating the impact of different treatment lengths on treatment adherence and disease
transmission in South Ethiopia, it was found that, while shorter treatment regimens may not necessarily reduce TB
prevalence, the epidemiological advantages are closely correlated with improved treatment adherence (Pinho et al.,
2015).
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Adverse drug events

Many patients encounter adverse drug events during first-line TB treatment varying in degree of severity. A
recent study from India found that 34% of all documented cases (n=545) under standardised DOTS treatment reported
one or more adverse drug events (Imam et al., 2020). Consequently, in 2015, another study conducted in the same
country, found that a quarter of their study cohort reported LTFU due to adverse drug events, mostly within the first
two months of treatment (Roy et al., 2015). Substantiating this, is the fact several additional studies, done on cohorts
from Ethiopia, India, Kenya, Morocco, Nigeria and Pakistan, also identified the experience of adverse drug events as a
risk factor for treatment LTFU (Vijay et al., 2010, Muture et al., 2011, Culqui et al., 2012, Finlay et al., 2012,
Sendagire et al., 2012, Tachfouti et al., 2012, Cherkaoui et al., 2014, Chida et al., 2015, Tesfahuneygn et al., 2015,
Wohlleben et al., 2017, Woimo et al., 2017, Gube et al., 2018, lweama et al., 2021), which is in contrast to similar
studies where no such significant association was found (Viegas et al., 2017, Afshari et al., 2020, Ajema et al., 2020).

It is however important to note that other risk factors for treatment non-adherence, such as old age, anaemia,
overweight, history of smoking, alcohol, and substance use, have all previously been associated with the increased
occurrence of TB treatment adverse drug events (Chung-Delgado et al., 2011). As a result, these factors might also be
at play here, impacting the degree of adverse drug events experienced, and consequently also affecting TB treatment
adherence.

TB disease and other health-related factors
TB disease severity

The severity of the TB disease and symptoms also has a probable influence on treatment adherence. Greater
lung pathology (Jenkins et al., 2013), severe cough (Nour El Din et al., 2013), and TB-related morbidity (Theron et al.,
2015) at treatment commencement have all been associated with an increased likelihood of treatment LTFU.
Furthermore, in Peru, low BMI (18.5kg/m?) at treatment enrolment was linked to TB treatment LTFU (Lackey et al.,
2015). This association, however, was shown to be insignificant in studies done in Rwanda (Kayigamba et al., 2013)
and Ethiopia (Muluye et al., 2018).

Comorbid health conditions

Numerous comorbidities with TB, including diabetes mellitus (Zhang et al., 2014, Lackey et al., 2015), HIV
(Muture et al., 2011, Garrido et al., 2012, Jenkins et al., 2013, Kayigamba et al., 2013, Naidoo et al., 2013, Lackey et
al., 2015, Nglazi et al., 2015, Tesfahuneygn et al., 2015, Harling et al., 2017, Kigozi et al., 2017, Silva et al., 2017,
Viegas et al., 2017, Ambaw et al., 2018, Mekonnen and Azagew, 2018, Muluye et al., 2018, Mulongeni et al., 2019,
Iweama et al., 2021, Workie et al., 2021), cancer (Zhang et al., 2014, Harling et al., 2017) and depression (Peltzer et
al., 2012, Naidoo et al., 2013, Theron et al., 2015, Ambaw et al., 2018), have been identified as risk factors for TB
treatment LTFU in various developing countries.

The co-presentation of TB with HIV is, however, most commonly observed, and alarmingly, TB disease
remains one of the leading causes of death among HIV-positive individuals (WHO, 2021). TB patients with an
unknown or positive HIV status could be at risk for TB treatment LTFU if they are afraid of the HIV stigma or due to
denial or unawareness regarding their HIV-status, as stated in a South African study (Kigozi et al., 2017). On the
contrary, an investigation in Ethiopia associated an HIV-negative status with a higher incidence of treatment LTFU,
which was attributed to the enhanced counselling and support provided to HIV patients (Ambaw et al., 2018). Similar
findings were found in the low TB incidence, developed country, France, where the LTFU risk increased among non-
HIV-infected TB patients (Tetart et al., 2020).

In addition to the social factors, TB treatment, in combination with the existing treatment protocol of a
comorbidity, is intolerable for some patients due to the extreme pill burden and adverse drug event occurrence (Kigozi
etal., 2017).

A high incidence of psychological distress (including symptoms of depression and anxiety) has been
associated with TB patients in South Africa and these symptoms were identified as a contributing LTFU factor in this
population (Theron et al., 2015). Another study, conducted in Ethiopia (Ambaw et al., 2018), found that 53.9% of their
TB patient cohort had probable depression at treatment baseline. This resulted in a significantly higher LTFU rate at
six months (3.9%), in contrast to those without baseline probable depression (0.8%). Ambaw et al. (2018) reasoned
that depression may lead to poor self-care and substandard living conditions, which, in TB patients, can result in
patients failing to take their prescribed medications and impede them to adhere to the treatment program.
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Practicality of interventions to improve TB treatment adherence in developing countries

Multiple intervention strategies have been proposed in an attempt to improve TB treatment adherence rates
(WHO, 2003, National Department of Health, 2014). High rates of LTFU, nevertheless, persist, particularly in
developing countries. In the following sections, we will provide an overview of more recently suggested intervention
strategies, with particular application feasibility in developing countries.

Socio-Economic support

As discussed earlier, socio-economic status has a significant impact on TB treatment adherence; hence, social
protection is viewed as an essential component of TB control and eradication in the WHO’s End-TB Strategy (Baluku
et al., 2021, WHO, 2021). Previous studies conducted in developing countries have shown that social protection
policies including cash or resource transfers improve TB treatment outcomes (Richterman et al., 2018, Oliosi et al.,
2019).

One such initiative, launched in Uganda, was a one-dollar incentive during TB treatment (Baluku et al., 2021).
The aim of this initiative was to determine whether a small ‘affordable’ cash incentive (equivalent to one USD) would
improve TB treatment outcomes in the most vulnerable populations. Baluku et al. (2021) reported that in rural Uganda,
a clinic visit at a government institution for an individual with TB symptoms costs roughly one USD, which equates to
about a quarter or more of these patients’ monthly household income. Accordingly, this study reported a 59% increase
in the TB cure rate and a 56% reduction in treatment LTFU after providing the incentive (Baluku et al., 2021).

Monetary incentives are further subdivided into conditional and unconditional. Conditional cash incentives
require patients to meet particular behavioural, educational, or health requirements before getting the payment, whereas
unconditional incentives do not (Boccia et al. 2016). Richterman et al. (2018) compared the benefits of conditional and
unconditional cash incentives in health systems and discovered that conditional transfers have positive effects on
general health behaviour and outcomes, whereas the effects of unconditional cash transfers were still uncertain.

Additionally, since TB treatment requires a lengthy treatment period, conditional cash transfers were
suggested to be more appropriate as a TB treatment adherence intervention (Richterman et al., 2018). This is
substantiated by the Ugandan one-dollar incentive, which was solely conditional on patients turning up for their clinic
appointments, which as previously stated, resulted in improved treatment outcomes (Baluku et al., 2021). Although
past studies have also demonstrated that incentives increase TB successful treatment outcomes, these incentives were
often too high to be viable standardised practice in resource-limited, developing countries (Ukwaja et al., 2017,
Wingfield et al., 2017, Richterman et al., 2018). Another reported risk of this intervention is that, if the monetary
incentive is too high, it may encourage patients who are desperately in need of money to remain ill. As a result, the
one-dollar incentive proposed in Uganda (Baluku et al., 2021), in which the money reward principally covers the
expenditures incurred during clinic visits, is suggested to be more feasible.

Healthcare and patient-related interventions

Since treatment illiteracy or insufficient pre-treatment counselling are determined here as LTFU contributing
factors, the enhancement of such practices is one logical intervention option. Interestingly, however, Cherkaoui et al.
(2014) highlighted that previous adherence interventions focusing on single-factorial patient-related or healthcare
system-related determinants, such as general TB education incentives, have shown minimal to marginal benefits in
developing countries in the past, with more success reported when combining these strategies.

Accordingly, it was suggested that treatment adherence interventions could benefit more by addressing gaps
within both patient-related and healthcare system-related determinants of LTFU (Cherkaoui et al., 2014). A few of
these previously recommended strategies are reiterated here. Not only, is it imperative for DOT providers to establish
and maintain a good patient-provider relationship, but attention should also be given to appropriate patient follow-up,
the treatment or prevention of adverse drug events, and to increase the number of decentralised healthcare facilities
(especially in rural areas) (Finlay et al., 2012, Cherkaoui et al., 2014, Roy et al., 2015). The rationale behind the
lengthy treatment and the necessity of treatment completion despite TB symptoms improvement or the occurrence of
adverse drug events, should be discussed (Roy et al., 2015, Ahmed and Mohan, 2021). Additionally, any doubts
regarding the disease and treatment should be explained before treatment onset and continuously emphasised during
treatment (Roy et al., 2015, Ahmed and Mohan, 2021). Furthermore, the necessary information regarding the options
available to obtain medication during travelling should be provided (Muture et al., 2011).

To further assist good provider-patient relations, it was suggested that enhanced communication and
counselling training for healthcare workers along with the use of appropriate patient education materials, be
implemented (Finlay et al., 2012). Further program supervision and management improvement were suggested (Finlay
et al., 2012) and with frequent monitoring of minor adverse drug events, patients could be treated, reassured, or advised
on the correct drug administration procedures (Roy et al., 2015), which in turn could prevent them from treatment
LTFU.
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Combined psychological counselling and adherence education throughout treatment have been shown to
reduce treatment non-adherence in Ethiopia (Tola et al., 2016). Furthermore, in India, four individual counselling
sessions done by highly skilled interventionists at months 0, 2, 4, and 6 during TB treatment, were determined to be a
viable treatment adherence intervention in TB patients with alcohol dependence (Thomas et al., 2017). The patients
undergoing counselling sessions showed significantly higher treatment adherence than those who did not, and the
intervention group also had significantly lower Alcohol Use Disorder ldentification Test (AUDIT)-scores after
treatment completion, relative to that measured before therapy commenced (Thomas et al., 2017).

One intervention strategy that has shown some promise in improving treatment adherence in both developed
and developing countries, is the use of mobile health technologies (such as text messaging, phone calls and video
observed treatment) to remind and monitor drug administration (Fang et al., 2017, Alipanah et al., 2018, Garfein and
Doshi, 2019, Kruse et al., 2019). Cross et al. (2019) reported one such example of an alternative low-cost adherence
tracking approach, incorporated in India's standard TB treatment program for the past few years, 99DOTS. Here, the
dispensing of pills can be tracked through the packaging, which contains a unique code for each drug dose. Once
opened, this code must be sent by the patient to the healthcare worker via a telephone call (Cross et al., 2019).
99DOTS further provides healthcare workers with real-time information, allowing them to monitor patients' adherence
to treatment and notify them of missed doses (Cross et al., 2019, Thakkar et al., 2019). A reported drawback of this
method, however, is that the patient should have regular access to a telephone, which might be more difficult in other
resource-constrained developing countries (Cross et al., 2019). Other researchers in India, further suggested that
improved implementation strategies are required, as some patients currently make the calls without ingesting the drugs,
consequently affecting the accuracy of adherence reporting (Thomas et al., 2020).

As mentioned, another key risk factor for TB treatment LTFU is the challenge of physically getting to TB
healthcare facilities. A few strategies have been evaluated over the years to address this issue. For example, in 2019, a
study conducted in Saudi Arabia, which is classified as a developed country, compared the LTFU rate among TB
patients who were treated using a facility-based DOTS venue versus those treated with a newly proposed Community
Mobile Outreach Approach (AlSahafi et al., 2019). The use of the mobile centre resulted in a much lower LTFU rate
(3 % vs. 22 % for the facility-based treatment) for the duration of this study, and the mobile outreach also resulted in
patients having a better understanding of TB and its treatment (AlSahafi et al., 2019). AlSahafi et al. (2019) further
stated that this technique has, similarly, been efficiently implemented in some developing countries, including
Myanmar and Pakistan, and its success can be attributed in part to patient satisfaction. This approach, however, is
stated to be more difficult to implement in countries where TB stigmatisation is prevalent, because TB drugs are
delivered directly to a patient's doorstep (AlSahafi et al., 2019). In this case greater emphasis should be put on
improving TB knowledge and eliminating the stigma associated with this infectious disease.

Conclusion

TB treatment efficiency is dependent on the timely initiation and continuation of treatment. This could prevent
patient prolonged illness and the development of clinical complications, drug resistance, or premature death (Kigozi et
al., 2017). Furthermore, treatment adherence also hinders TB transmission, since patients should become less
infectious within two weeks of adequate treatment (Kigozi et al., 2017).

TB treatment LTFU is a major obstacle in the global goal of ending the TB epidemic by 2030 (WHO, 2021).
Through this overview, a summary of factors contributing to treatment LTFU was provided in order to promote
awareness of this ongoing challenge in TB treatment, specifically in developing countries. It is clear that the LTFU risk
factors identified previously (WHO, 2003, National Department of Health, 2014) still persist in developing countries in
2022, and that newer interventions or better adherence and monitoring to interventions, need to be implemented
urgently.

It is worth noting, however, that the factors discussed above could only be recognized as possible risks for TB
treatment LTFU if it has been investigated and included as a possible variable in the specific study. Hence, the absence
of some factors in certain investigations isn't always attributable to a lack of significance, but rather to the study
experimental design.

Several adherence strategies were also discussed. Patient-provider interactions and communication should be
prioritised, since a thorough understanding of what TB is and how the treatment works can assist in overall treatment
adherence rates. Alternative strategies, such as the above-mentioned mobile outreach teams or monetary incentives,
may be worth exploring in developing countries.

Statement on Conflict of Interest

The authors declare that there are no competing interests associated with this study.

68



Acknowledgements

The financial assistance of the National Research Foundation (NRF) of South Africa for this study is

gratefully acknowledged (UID: 136296). The opinions expressed and conclusions reached are those of the authors, and
are not those of the NRF.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

69

Afshari, M., Aarabi, M., Parsaee, M., Nezammabhalleh, A. and Moosazadeh, M. (2020). Treatment default and its related
factors among tuberculosis patients, a case-control study in Iran. GMS Hygiene and Infection Control, 15, Doc33.
http://dx.doi.org/10.3205/dgkh000368.

Ahmed, M. and Mohan, R.. (2021). A comparative study of factors for interruption of antitubercular treatment among
defaulters in urban and rural areas of Kamrup District, Assam. Journal of Family Medicine and Primary Care, 10, 127.
http://dx.doi.org/10.4103/jfmpc.jfmpc_1027_20.

Ajema, D., Shibru, T., Endalew, T. and Gebeyehu, S. (2020). Level of and associated factors for non-adherence to anti-
tuberculosis treatment among tuberculosis patients in Gamo Gofa zone, southern Ethiopia: cross-sectional study. BMC
Public Health, 20, 1705. http://dx.doi.org/10.1186/s12889-020-09827-7.

Ali, A. O. A. and Prins, M. H. (2016). Patient non adherence to tuberculosis treatment in Sudan: socio demographic
factors influencing non adherence to tuberculosis therapy in Khartoum State. The Pan African Medical Journal, 25, 80.
http://dx.doi.org/10.11604/pam;j.2016.25.80.9447.

Alipanah, N., Jarlsberg, L., Miller, C., Linh, N. N., Falzon, D., Jaramillo, E. and Nahid, P. (2018). Adherence
interventions and outcomes of tuberculosis treatment: A systematic review and meta-analysis of trials and observational
studies. PLoS Medicine, 15, e1002595. http://dx.doi.org/10.1371/journal.pmed.1002595.

Alsahafi, A. J., Shah, H. B. U., Alsayali, M. M., Mandoura, N., Assiri, M., Almohammadi, E. L., Khalawi, A., Algarni,
A., Filemban, M. K., Alotaibe, A. K., Alfaifi, A. W. A. and Algarni, F.(2019). High non-compliance rate with anti-
tuberculosis treatment: a need to shift facility-based directly observed therapy short course (DOTS) to community mobile
outreach team supervision in Saudi Arabia. BMC Public Health, 19, 1168. http://dx.doi.org/10.1186/s12889-019-7520-8.
Ambaw, F., Mayston, R., Hanlon, C., Medhin, G. and Alem, A. (2018). Untreated depression and tuberculosis treatment
outcomes, quality of life and disability, Ethiopia. Bulletin of the World Health Organization, 96, 243-255.
http://dx.doi.org/10.2471/BLT.17.192658.

Babalik, A., Kilicaslan, Z., Caner, S. S., Gungor, G., Ortakoylu, M. G., Gencer, S. and Mccurdy, S. A. (2013). A
registry-based cohort study of pulmonary tuberculosis treatment outcomes in Istanbul, Turkey. Japanese Journal of
Infectious Diseases, 66, 115-120. http://dx.doi.org/10.7883/yoken.66.115.

Babalik, A., Kiziltas, S., Gencer, S. and Kilicaslan, Z. (2014). An investigation into the relationship between region
specific quality of life and adverse tuberculosis treatment outcomes in Istanbul, Turkey. Revista Portuguesa de
Pneumologia, 20, 248-253. http://dx.doi.org/10.1016/j.rppneu.2014.01.003.

Babiarz, K. S., Suen, S.-C. and Goldhaber-Fiebert, J. D. (2014). Tuberculosis treatment discontinuation and symptom
persistence: an observational study of Bihar, India’s public care system covering >100,000,000 inhabitants. BMC Public
Health, 14, 418. http://dx.doi.org/10.1186/1471-2458-14-418https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4041057.
Baluku, J. B., Nakazibwe, B., Twinomugisha, B., Najjuuko, R., Isabella, N., Nassozi, S., Namiiro, S., Katagira, W.,
Byonanebye, D. M., Sekaggya-Wiltshire, C., Muchiri, J., Ndungu, E., Anguzu, G., Mayanja-Kizza, H. and Andia-Biraro,
1. (2021). One dollar incentive improves tuberculosis treatment outcomes in programmatic settings in rural Uganda.
Scientific Reports, 11, 19346. http://dx.doi.org/10.1038/s41598-021-98770-7.

Blomberg, B., Spinaci, S., Fourie, B. and Laing, R. (2001). The rationale for recommending fixed-dose combination
tablets for treatment of tuberculosis. Bulletin of the World Health Organization, 79, 61-68.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2566330.

Boccia, D., Pedrazzoli, D., Wingfield, T., Jaramillo, E., Lénnroth, K., Lewis, J., Hargreaves, J. and Evans, C.A. (2016).
Towards cash transfer interventions for tuberculosis prevention, care and control: key operational challenges and
research priorities. BMC Infectious Disease, 16, 307. https://doi.org/10.1186/s12879-016-1529-8

Cadosch, D., Zur Wiesch, P. A., Kouyos, R. and Bonhoeffer, S. (2016). The Role of Adherence and Retreatment in De
Novo Emergence of MDR-TB. PLOS Computational Biology, 12, e1004749.
http://dx.doi.org/10.1371/journal.pcbi.1004749.

Chen, J., Qi, L., Xia, Z., Shen, M., Shen, X., Mei, J., Deriemer, K. and Zheng’an, Y.”’ (2013). Which urban migrants
default from tuberculosis treatment in Shanghai, China? PloS One, 8, €81351.
http://dx.doi.org/10.1371/journal.pone.0081351

Chen, X., Xu, J., Chen, Y., Wu, R., Ji, H., Pan, Y., Duan, Y., Sun, M., Du, L., Gao, M., Wang, J. & Zhou, L. (2021). The
relationship among social support, experienced stigma, psychological distress, and quality of life among tuberculosis
patients in China. Scientific Reports, 11, 24236. http://dx.doi.org/10.1038/s41598-021-03811-w.

Cherkaoui, 1., Sabouni, R., Ghali, I., Kizub, D., Billioux, A. C., Bennani, K., Bourkadi, J. E., Benmamoun, A., Lahlou,
0., El Aouad, R. and Dooley, K. E. (2014). Treatment Default amongst Patients with Tuberculosis in Urban Morocco:
Predicting and Explaining Default and Post-Default Sputum Smear and Drug Susceptibility Results. PloS ONE, 9,
€93574. http://dx.doi.org/10.1371/journal.pone.0093574.



http://dx.doi.org/10.3205/dgkh000368
http://dx.doi.org/10.1186/s12889-019-7520-8
http://dx.doi.org/10.2471/BLT.17.192658
http://dx.doi.org/10.7883/yoken.66.115
http://dx.doi.org/10.1016/j.rppneu.2014.01.003
http://dx.doi.org/10.1186/1471-2458-14-418https:/www.ncbi.nlm.nih.gov/pmc/articles/PMC4041057
http://dx.doi.org/10.1038/s41598-021-98770-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2566330
https://doi.org/10.1186/s12879-016-1529-8
http://dx.doi.org/10.1371/journal.pcbi.1004749
http://dx.doi.org/10.1371/journal.pone.0081351
http://dx.doi.org/10.1038/s41598-021-03811-w
http://dx.doi.org/10.1371/journal.pone.0093574

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

70

Chida, N., Ansari, Z., Hussain, H., Jaswal, M., Symes, S., Khan, A. J. and Mohammed, S. (2015). Determinants of
Default from Tuberculosis Treatment among Patients with Drug-Susceptible Tuberculosis in Karachi, Pakistan: A Mixed
Methods Study. PLOS ONE, 10, e0142384. http://dx.doi.org/10.1371/journal.pone.0142384.

Chung-Delgado, K., Revilla-Montag, A., Guillen-Bravo, S., Velez-Segovia, E., Soria-Montoya, A., Nufiez-Garbin, A.,
Silva-Caso, W. and Bernabe-Ortiz, A. (2011). Factors Associated with Anti-Tuberculosis Medication Adverse Effects: A
Case-Control Study in Lima, Peru. PloS ONE, 6, e27610. http://dx.doi.org/10.1371/journal.pone.0027610.

Cross, A., Gupta, N., Liu, B., Nair, V., Kumar, A., Kuttan, R., Ivatury, P., Chen, A., Lakshman, K., Rodrigues, R.,
D’souza, G., Chittamuru, D., Rao, R., Rade, K., Vadera, B., Shah, D., Choudhary, V., Chadha, V., Shah, A., Kumta, S.,
Dewan, P., Thomas, B. and Thies, W.””>” (2019). 99DOTS: a low-cost approach to monitoring and improving medication
adherence. Proceedings of the Tenth International Conference on Information and Communication Technologies and
Development. Association for Computing Machinery. https://dl.acm.org/doi/10.1145/3287098.3287102.

Culqui, D. R., Munayco E, C. V., Grijalva, C. G., Cayla, J. A., Horna-Campos, O., Alva Ch, K. and Suarez O, L.
A.(2012). Factors associated with the non-completion of conventional anti-tuberculosis treatment in Peru. Archivos de
Bronconeumologia, 48, 150-155. http://dx.doi.org/10.1016/j.arbres.2011.12.008.

Dedefo, M. G., Sirata, M. T., Ejeta, B. M., Wakjira, G. B., Fekadu, G. and Labata, B. G. (2019). Treatment Outcomes of
Tuberculosis Retreatment Case and Its Determinants in West Ethiopia. The Open Respiratory Medicine Journal., 13, 58-
64. http://dx.doi.org/10.2174/1874306401913010058.

Fang, X.H., Guan, S.Y., Tang, L., Tao, F.B., Zou, Z., Wang, J.X., Kan, X.H., Wang, Q.Z., Zhang, Z.P., Cao, H., Ma, D.-
C. and Pan, H.F. (2017). Effect of Short Message Service on Management of Pulmonary Tuberculosis Patients in Anhui
Province, China: A Prospective, Randomized, Controlled Study. Medical Science Monitor, 23, 2465-2469.
http://dx.doi.org/10.12659/msm.904957.

Fang, X.H., Shen, H.H., Hu, W.Q., Xu, Q.Q., Jun, L., Zhang, Z.P., Kan, X.H., Ma, D.C. and Wu, G.C. (2019).
Prevalence of and Factors Influencing Anti-Tuberculosis Treatment Non-Adherence Among Patients with Pulmonary
Tuberculosis: A Cross-Sectional Study in Anhui Province, Eastern China. Medical Science Monitor, 25, 1928-
1935.http://dx.doi.org/10.12659/msm.913510.

Finlay, A., Lancaster, J., Holtz, T. H., Weyer, K., Miranda, A. and Van Der Walt, M. (2012). Patient- and provider-level
risk factors associated with default from tuberculosis treatment, South Africa, 2002: a case-control study. BMC Public
Health, 12, 56. http://dx.doi.org/10.1186/1471-2458-12-56.

Flick, R. J., Kim, M. H., Simon, K., Munthali, A., Hosseinipour, M. C., Rosenberg, N. E., Kazembe, P. N., Mpunga, J.
and Ahmed, S. (2016). Burden of disease and risk factors for death among children treated for tuberculosis in Malawi.
The International Journal of Tuberculosis and Lung Disease, 20, 1046-1054. http://dx.doi.org/10.5588/ijtld.15.0928.
Gafar, M. M., Nyazema, N. Z. and Dambisya, Y. M. (2014). Factors influencing treatment outcomes in tuberculosis
patients in Limpopo Province, South Africa, from 2006 to 2010: A retrospective study. Curationis, 37, el-e7.
http://dx.doi.org/10.4102/curationis.v37i1.1169.

Garfein, R. S. and Doshi, R. P. (2019). Synchronous and asynchronous video observed therapy (VOT) for tuberculosis
treatment adherence monitoring and support. Journal of Clinical Tuberculosis and Other Mycobacterial Diseases, 17,
100098. http://dx.doi.org/10.1016/j.jctube.2019.100098.

Garrido, M. D. S., Da Silva Garrido, M., Penna, M. L., Perez-Porcuna, T. M., De Souza, A. B., Da Silva Marreiro, L.,
Albuquerque, B. C., Martinez-Espinosa, F. E. and Bihrer-Sékula, S. (2012). Factors Associated with Tuberculosis
Treatment Default in an Endemic Area of the Brazilian Amazon: A Case Control-Study. PloS ONE, 7, €39134.
http://dx.doi.org/10.1371/journal.pone.0039134.

Gube, A. A., Debalkie, M., Seid, K., Bisete, K., Mengesha, A., Zeynu, A., Shimelis, F. and Gebremeskel, F. (2018).
Assessment of Anti-TB Drug Nonadherence and Associated Factors among TB Patients Attending TB Clinics in Arba
Minch Governmental Health Institutions, Southern Ethiopia. Tuberculosis Research and Treatment, 2018, 3705812.
http://dx.doi.org/10.1155/2018/3705812.

Harling, G., Lima Neto, A. S., Sousa, G. S., Machado, M. M. T. and Castro, M. C. (2017). Determinants of tuberculosis
transmission and treatment abandonment in Fortaleza, Brazil. BMC Public Health, 17, 508.
http://dx.doi.org/10.1186/s12889-017-4435-0.

Imam, F., Sharma, M., Khayyam, K. U., Al-Harbi, N. O., Rashid, M. K., Ali, M. D., Ahmad, A. and Qamar, W. (2020).
Adverse drug reaction prevalence and mechanisms of action of first-line anti-tubercular drugs. Saudi Pharmaceutical
Journal, 28, 316-324. http://dx.doi.org/10.1016/j.jsps.2020.01.011.

Iweama, C. N., Agbaje, O. S., Umoke, P. C. I., Igbokwe, C. C., Ozoemena, E. L., Omaka-Amari, N. L. and Idache, B. M.
(2021). Nonadherence to tuberculosis treatment and associated factors among patients using directly observed treatment
short-course in north-west Nigeria: A cross-sectional study. SAGE Open Medicine, 9, 2050312121989497.
http://dx.doi.org/10.1177/2050312121989497.

Jenkins, H. E., Ciobanu, A., Plesca, V., Crudu, V., Galusca, |., Soltan, V. and Cohen, T. (2013). Risk factors and timing
of default from treatment for non-multidrug-resistant tuberculosis in Moldova. The International Journal of Tuberculosis
and Lung Disease, 17, 373-380. http://dx.doi.org/10.5588/ijtld.12.0464.

Kayigamba, F. R., Bakker, M. I., Mugisha, V., De Naeyer, L., Gasana, M., Cobelens, F. and VVan Der Loeff, M. S.
(2013). Adherence to tuberculosis treatment, sputum smear conversion and mortality: a retrospective cohort study in 48
Rwandan clinics. PloS One, 8, e73501. http://dx.doi.org/10.1371/journal.pone.0073501.

Kigozi, G., Heunis, C., Chikobvu, P., Botha, S. and Van Rensburg, D. Factors influencing treatment default among
tuberculosis patients in a high burden province of South Africa. (2017). International Journal of Infectious Diseases, 54,
95-102. http://dx.doi.org/10.1016/j.ijid.2016.11.407.



http://dx.doi.org/10.1371/journal.pone.0142384
http://dx.doi.org/10.1371/journal.pone.0027610
https://dl.acm.org/doi/10.1145/3287098.3287102
http://dx.doi.org/10.1016/j.arbres.2011.12.008
http://dx.doi.org/10.2174/1874306401913010058
http://dx.doi.org/10.1186/1471-2458-12-56
http://dx.doi.org/10.5588/ijtld.15.0928
http://dx.doi.org/10.4102/curationis.v37i1.1169
http://dx.doi.org/10.1016/j.jctube.2019.100098
http://dx.doi.org/10.1371/journal.pone.0039134
http://dx.doi.org/10.1155/2018/3705812
http://dx.doi.org/10.1186/s12889-017-4435-0
http://dx.doi.org/10.1016/j.jsps.2020.01.011
http://dx.doi.org/10.1177/2050312121989497
http://dx.doi.org/10.5588/ijtld.12.0464
http://dx.doi.org/10.1371/journal.pone.0073501
http://dx.doi.org/10.1016/j.ijid.2016.11.407

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

71

Kimani, E., Muhula, S., Kiptai, T., Orwa, J., Odero, T. and Gachuno, O. (2021). Factors influencing TB treatment
interruption and treatment outcomes among patients in Kiambu County, 2016-2019. PloS One, 16, e0248820.
http://dx.doi.org/10.1371/journal.pone.0248820.

Koo, H.-K., Min, J., Kim, H. W., Lee, J., Kim, J. S., Park, J. S. and Lee, S.-S. (2020). Prediction of treatment failure and
compliance in patients with tuberculosis. BMC Infectious Diseases, 20, 622. http://dx.doi.org/10.1186/s12879-020-
05350-7.

Kruse, C., Betancourt, J., Ortiz, S., Valdes Luna, S. M., Bamrah, I. K. and Segovia, N. (2019). Barriers to the Use of
Mobile Health in Improving Health Outcomes in Developing Countries: Systematic Review. Journal of Medical Internet
Research, 21, e13263. http://dx.doi.org/10.2196/13263.

Lackey, B., Seas, C., Van Der Stuyft, P. and Otero, L. (2015). Patient Characteristics Associated with Tuberculosis
Treatment Default: A Cohort Study in a High-Incidence Area of Lima, Peru. PLOS ONE, 10, e0128541.
http://dx.doi.org/10.1371/journal.pone.0128541.

Lei, X., Huang, K., Liu, Q., Jie, Y.F. and Tang, S.L. (2016). Are tuberculosis patients adherent to prescribed treatments
in China? Results of a prospective cohort study. Infectious Diseases of Poverty, 5, 38. http://dx.doi.org/10.1186/s40249-
016-0134-9.

Liddle, K. F., Elema, R., Thi, S. S., Greig, J. and Venis, S. (2013). TB treatment in a chronic complex emergency:
treatment outcomes and experiences in Somalia. Transactions of The Royal Society of Tropical Medicine and Hygiene,
107, 690-698. http://dx.doi.org/10.1093/trstmh/trt090.

L Lin, Y., Enarson, D. A, Du, J., Dlodlo, R. A., Chiang, C. Y. and Rusen, I. D. (2017). Risk factors for unfavourable
treatment outcome among new smear-positive pulmonary tuberculosis cases in China. Public Health Action, 7, 299-303.
http://dx.doi.org/10.5588/pha.17.0056.

Marx, F. M., Dunbar, R., Hesseling, A. C., Enarson, D. A., Fielding, K. and Beyers, N. (2012). Increased risk of default
among previously treated tuberculosis cases in the Western Cape Province, South Africa. The International Journal of
Tuberculosis and Lung Disease, 16, 1059-1065. http://dx.doi.org/10.5588/ijtld.11.0506.

Mekonnen, H. S. and Azagew, A. W. (2018). Non-adherence to anti-tuberculosis treatment, reasons and associated
factors among TB patients attending at Gondar town health centers, Northwest Ethiopia. BMC Research Notes, 11.
http://dx.doi.org/10.1186/s13104-018-3789-4.

Msoka, E. F., Orina, F., Sanga, E. S., Miheso, B., Mwanyonga, S., Meme, H., Kiula, K., Liyoyo, A., Mwebaza, 1.,
Aturinde, A., Joloba, M., Mmbaga, B., Amukoye, E., Ntinginya, N. E., Gillespie, S. H. and Sabiiti, W. (2021).
Qualitative assessment of the impact of socioeconomic and cultural barriers on uptake and utilisation of tuberculosis
diagnostic and treatment tools in East Africa: a cross-sectional study. BMJ Open, 11, e050911.
http://dx.doi.org/10.1136/bmjopen-2021-050911.

Mukhtar, F. and Butt, Z. A. (2017). Establishing a cohort in a developing country: Experiences of the diabetes-
tuberculosis treatment outcome cohort study. Journal of Epidemiology and Global Health, 7, 249.
http://dx.doi.org/10.1016/j.jegh.2017.08.003.

Mulongeni, P., Hermans, S., Caldwell, J., Bekker, L.-G., Wood, R. and Kaplan, R. (2019). HIV prevalence and
determinants of loss-to-follow-up in adolescents and young adults with tuberculosis in Cape Town. PloS One, 14,
€0210937. http://dx.doi.org/10.1371/journal.pone.0210937.

Muluye, A. B., Kebamo, S., Teklie, T. and Alemkere, G. (2018). Poor treatment outcomes and its determinants among
tuberculosis patients in selected health facilities in East Wollega, Western Ethiopia. PLOS ONE, 13, e0206227.
http://dx.doi.org/10.1371/journal.pone.0206227.

undra, A., Deshmukh, P. R. and Dawale, A. (2017). Magnitude and determinants of adverse treatment outcomes among
tuberculosis patients registered under Revised National Tuberculosis Control Program in in a Tuberculosis Unit, Wardha,
Central India: A record-based cohort study. Journal of Epidemiology and Global Health, 7, 111-118.
https://www.sciencedirect.com/science/article/pii/S221060061630168X.

Muture, B. N., Keraka, M. N., Kimuu, P. K., Kabiru, E. W., Ombeka, V. O. and Oguya, F. (2011). Factors associated
with default from treatment among tuberculosis patients in 71airobi province, Kenya: A case control study. BMC Public
Health, 11, 696. http://dx.doi.org/10.1186/1471-2458-11-696.

Naidoo, P., Peltzer, K., Louw, J., Matseke, G., Mchunu, G. and Tutshana, B. (2013). Predictors of tuberculosis (TB) and
antiretroviral (ARV) medication non-adherence in public primary care patients in South Africa: a cross sectional study.
BMC Public Health, 13, 396. http://dx.doi.org/10.1186/1471-2458-13-396.

National Department of Health (2014). South Africa national tuberculosis management guidelines 2014. Coordination
TDS Pretoria. http://www.kznhealth.gov.za/family/NTCP_Adult TB Guidelines 2014.pdf.

Ndambuki, J., Nzomo, J., Muregi, L., Mutuku, C., Makokha, F., Nthusi, J., Ambale, C., Lynen, L. and Decroo, T. (2021).
Comparison of first-line tuberculosis treatment outcomes between previously treated and new patients: a retrospective
study in Machakos subcounty, Kenya. International Health, 13, 272-280. http://dx.doi.org/10.1093/inthealth/ihaa051.
Nglazi, M. D., Bekker, L.-G., Wood, R. and Kaplan, R. (2015). The impact of HIV status and antiretroviral treatment on
TB treatment outcomes of new tuberculosis patients attending co-located TB and ART services in South Africa: a
retrospective cohort study. BMC Infectious Diseases,15, 536.
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1275-3.

Nour EIl Din, M., Elhoseeny, T. and Mohsen, A. M. M. A. (2013). Factors affecting defaulting from DOTS therapy under
the national programme of tuberculosis control in Alexandria, Egypt. Eastern Mediterranean Health Journal, 19, 107-
113. http://dx.doi.org/10.26719/2013.19.2.107.



http://dx.doi.org/10.1371/journal.pone.0248820
http://dx.doi.org/10.1186/s12879-020-05350-7
http://dx.doi.org/10.1186/s12879-020-05350-7
http://dx.doi.org/10.2196/13263
http://dx.doi.org/10.1371/journal.pone.0128541
http://dx.doi.org/10.1186/s40249-016-0134-9
http://dx.doi.org/10.1186/s40249-016-0134-9
http://dx.doi.org/10.1093/trstmh/trt090
http://dx.doi.org/10.5588/pha.17.0056
http://dx.doi.org/10.5588/ijtld.11.0506
http://dx.doi.org/10.1186/s13104-018-3789-4
http://dx.doi.org/10.1136/bmjopen-2021-050911
http://dx.doi.org/10.1016/j.jegh.2017.08.003
http://dx.doi.org/10.1371/journal.pone.0210937
http://dx.doi.org/10.1371/journal.pone.0206227
https://www.sciencedirect.com/science/article/pii/S221060061630168X
http://dx.doi.org/10.1186/1471-2458-11-696
http://dx.doi.org/10.1186/1471-2458-13-396
http://www.kznhealth.gov.za/family/NTCP_Adult_TB_Guidelines_2014.pdf
http://dx.doi.org/10.1093/inthealth/ihaa051
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1275-3
http://dx.doi.org/10.26719/2013.19.2.107

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

72

Oliosi, J. G. N., Reis-Santos, B., Locatelli, R. L., Sales, C. M. M., Da Silva Filho, W. G., Da Silva, K. C., Sanchez, M.
N., De Andrade, K. V. F., De Aratjo, G. S., Shete, P. B., Pereira, S. M., Riley, L. W., Lienhardt, C. and Maciel, E. L. N.
(2019). Effect of the Bolsa Familia Programme on the outcome of tuberculosis treatment: a prospective cohort study. The
Lancet Global Health, 7, €219-e226. http://dx.doi.org/10.1016/S2214-109X(18)30478-9.

Park, C.-K., Shin, H.-J., Kim, Y.-1., Lim, S.-C., Yoon, J.-S., Kim, Y.-S., Kim, J.-C. and Kwon, Y.-S. (2016). Predictors
of Default from Treatment for Tuberculosis: a Single Center Case—Control Study in Korea. Journal of Korean Medical
Science, 31, 254. http://dx.doi.org/10.3346/jkms.2016.31.2.254.

Patra, S., Lukhmana, S., Tayler Smith, K., Kannan, A. T., Satyanarayana, S., Enarson, D. A., Nagar, R. K., Marcel, M.
and Reid, T. (2013). Profile and treatment outcomes of elderly patients with tuberculosis in Delhi, India: implications for
their management. Transactions of the Royal Society of Tropical Medicine and Hygiene, 107, 763-768.
http://dx.doi.org/10.1093/trstmh/trt094.

Peltzer, K., Naidoo, P., Matseke, G., Louw, J., Mchunu, G. and Tutshana, B. (2012). Prevalence of psychological distress
and associated factors in tuberculosis patients in public primary care clinics in South Africa. BMC Psychiatry, 12, 89-89.
http://dx.doi.org/10.1186/1471-244X-12-89.

Pinho, S. T. R., Rodrigues, P., Andrade, R. F. S., Serra, H., Lopes, J. S. and Gomes, M. G. M. (2015). Impact of
tuberculosis treatment length and adherence under different transmission intensities. Theoretical Population Biology,
104, 68-77. http://dx.doi.org/10.1016/j.tph.2015.06.004.

Putera, 1., Pakasi, T. A. and Karyadi, E. (2015). Knowledge and perception of tuberculosis and the risk to become
treatment default among newly diagnosed pulmonary tuberculosis patients treated in primary health care, East Nusa
Tenggara: a retrospective study. BMC Research Notes, 8, 238. http://dx.doi.org/10.1186/s13104-015-1209-6.
Richterman, A., Steer-Massaro, J., Jarolimova, J., Luong Nguyen, L. B., Werdenberg, J. and lvers, L. C. (2018). Cash
interventions to improve clinical outcomes for pulmonary tuberculosis: systematic review and meta-analysis. Bulletin of
the World Health Organization, 96, 471-483. http://dx.doi.org/10.2471/BL.T.18.208959.

Robsky, K. O., Hughes, S., Kityamuwesi, A., Kendall, E. A., Kitonsa, P. J., Dowdy, D. W. and Katamba, A. (2020). Is
distance associated with tuberculosis treatment outcomes? A retrospective cohort study in Kampala, Uganda. BMC
Infectious Diseases, 20, 406. http://dx.doi.org/10.1186/s12879-020-05099-z.

Roy, N., Basu, M., Das, S., Mandal, A., Dutt, D. and Dasgupta, S. (2015). Risk factors associated with default among
tuberculosis patients in Darjeeling district of West Bengal, India. Journal of Family Medicine and Primary Care, 4, 388.
http://dx.doi.org/10.4103/2249-4863.161330.

Sendagire, 1., Schim Van Der Loeff, M., Kambugu, A., Konde-Lule, J. and Cobelens, F. (2012). Urban movement and
alcohol intake strongly predict defaulting from tuberculosis treatment: an operational study. PloS One, 7, €35908.
http://dx.doi.org/10.1371/journal.pone.0035908.

Silva, M. R., Pereira, J. C., Costa, R. R., Dias, J. A., Guimardes, M. D. C. and Leite, I. C. G. (2017). Drug addiction and
alcoholism as predictors for tuberculosis treatment default in Brazil: a prospective cohort study. Epidemiology and
Infection, 145, 3516-3524. http://dx.doi.org/10.1017/s0950268817002631.

Tachfouti, N., Slama, K., Berraho, M., Elfakir, S., Benjelloun, M. C., El Rhazi, K. and Nejjari, C. (2013). Determinants
of Tuberculosis treatment default in Morocco: results from a national cohort study. The Pan African Medical Journal,
14. http://dx.doi.org/10.11604/pam;j.2013.14.121.2335

Tachfouti, N., Slama, K., Berraho, M. and Nejjari, C. (2012). The impact of knowledge and attitudes on adherence to
tuberculosis treatment: a case-control study in a Moroccan region. The Pan African Medical Journal, 12, 52.
https://www.ncbi.nlm.nih.gov/pubmed/22937192

Tesfahuneygn, G., Medhin, G. and Legesse, M. (2015). Adherence to Anti-tuberculosis treatment and treatment
outcomes among tuberculosis patients in Alamata District, northeast Ethiopia. BMC Research Notes.
https://link.springer.com/article/10.1186/s13104-015-1452-x

Tetart, M., Meybeck, A., Assaf, A., Valette, M., Choisy, P., Blondiaux, N. and Senneville, E. (2020). Factors of loss to
follow-up during tuberculosis treatment in a low-incidence region. Médecine et Maladies Infectieuses, 50, 28-35.
https://www.sciencedirect.com/science/article/pii/S0399077X17310193

Thakkar, D., Piparva, K. G. and Lakkad, S. G. (2019). A pilot project: 99DOTS information communication technology-
based approach for tuberculosis treatment in Rajkot district. Lung India, 36, 108-111.
http://dx.doi.org/10.4103/lungindia.lungindia_86_18

Theron, G., Peter, J., Zijenah, L., Chanda, D., Mangu, C., Clowes, P., Rachow, A., Lesosky, M., Hoelscher, M., Pym, A.,
Mwaba, P., Mason, P., Naidoo, P., Pooran, A., Sohn, H., Pai, M., Stein, D. J. and Dheda, K. (2015). Psychological
distress and its relationship with non-adherence to TB treatment: a multicentre study. BMC Infectious Diseases, 15.
http://dx.doi.org/10.1186/s12879-015-0964-2

Thomas, B., Watson, B., Senthil, E. K., Deepalakshmi, A., Balaji, G., Chandra, S., Manogaran, C., Nagarajan, K.,
Ovung, S., Jayabal, L. and Swaminathan, S. (2017). Alcohol intervention strategy among tuberculosis patients: a pilot
study from South India. The International Journal of Tuberculosis and Lung Disease, 21, 947-952.
http://dx.doi.org/10.5588/ijtld.16.0693.

Thomas, B. E., Kumar, J. V., Chiranjeevi, M., Shah, D., Khandewale, A., Thiruvengadam, K., Haberer, J. E., Mayer, K.
H. and Subbaraman, R. (2020). Evaluation of the Accuracy of 99DOTS, a Novel Cellphone-based Strategy for
Monitoring Adherence to Tuberculosis Medications: Comparison of Digital Adherence Data With Urine Isoniazid
Testing. Clinical Infectious Diseases, 71, e513-e516. http://dx.doi.org/10.1093/cid/ciaa333.



http://dx.doi.org/10.1016/S2214-109X(18)30478-9
http://dx.doi.org/10.3346/jkms.2016.31.2.254
http://dx.doi.org/10.1093/trstmh/trt094
http://dx.doi.org/10.1186/1471-244X-12-89
http://dx.doi.org/10.1016/j.tpb.2015.06.004
http://dx.doi.org/10.1186/s13104-015-1209-6
http://dx.doi.org/10.2471/BLT.18.208959
http://dx.doi.org/10.1186/s12879-020-05099-z
http://dx.doi.org/10.4103/2249-4863.161330
http://dx.doi.org/10.1371/journal.pone.0035908
http://dx.doi.org/10.1017/s0950268817002631
http://dx.doi.org/10.11604/pamj.2013.14.121.2335
https://www.ncbi.nlm.nih.gov/pubmed/22937192
https://link.springer.com/article/10.1186/s13104-015-1452-x
https://www.sciencedirect.com/science/article/pii/S0399077X17310193
http://dx.doi.org/10.4103/lungindia.lungindia_86_18
http://dx.doi.org/10.1186/s12879-015-0964-2
http://dx.doi.org/10.5588/ijtld.16.0693
http://dx.doi.org/10.1093/cid/ciaa333

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

73

Tola, H. H., Holakouie-Naieni, K., Tesfaye, E., Mansournia, M. A. and Yaseri, M. (2019). Prevalence of tuberculosis
treatment non-adherence in Ethiopia: a systematic review and meta-analysis. The International Journal of Tuberculosis
and Lung Disease, 23, 741-749. http://dx.doi.org/10.5588/ijtld.18.0672.

Tola, H. H., Shojaeizadeh, D., Tol, A., Garmaroudi, G., Yekaninejad, M. S., Kebede, A., Ejeta, L. T., Kassa, D. and
Klinkenberg, E. (2016). Psychological and Educational Intervention to Improve Tuberculosis Treatment Adherence in
Ethiopia Based on Health Belief Model: A Cluster Randomized Control Trial. PloS One, 11, e0155147.
http://dx.doi.org/10.1371/journal.pone.0155147.

Ukwaja, K. N., Alobu, I., Gidado, M., Onazi, O. and Oshi, D. C. (2017). Economic support intervention improves
tuberculosis treatment outcomes in rural Nigeria. The International Journal of Tuberculosis and Lung Disease, 21, 564-
570. http://dx.doi.org/10.5588/ijtld.16.0741.

UNCTAD. (2022). Country Classifications [Online]. Available: http://unctadstat.unctad.org/EN/Classifications.html
[Accessed 2 June 2022].

Viegas, A. M., De Miranda, S. S., Haddad, J. P., Ceccato, M. D. G. and Da Silva Carvalho, W. (2017). Association of
outcomes with comprehension, adherence and behavioral characteristics of tuberculosis patients using fixed-dose
combination therapy in Contagem, Minas Gerais, Brazil. Revista do Instituto de Medicina Tropical de So Paulo, 59.
http://dx.doi.org/10.1590/s1678-9946201759028.

Vijay, S., Kumar, P., Chauhan, L. S., Vollepore, B. H., Kizhakkethil, U. P. and Rao, S. G. (2010). Risk factors associated
with default among new smear positive TB patients treated under DOTS in India. PLoS One, 5, e10043.
http://dx.doi.org/10.1371/journal.pone.0010043.

WHO. (2003). Adherence to long-term therapies: evidence for action. Geneva, Switzerland, (WHO Press).
http://whqlibdoc.who.int/publications/2003/9241545992.pdf.

WHO. (2014). Definitions and reporting framework for tuberculosis — updated January 2020. Geneva, Switzerland
(WHO Press). https://www.who.int/publications-detail-redirect/9789241505345

WHO. (2020). WHO consolidated guidelines on tuberculosis. Module 4: treatment — drug-resistant tuberculosis
treatment, World Health Organization. https://www.who.int/publications-detail-redirect/9789240007048.

WHO. (2021). Global Tuberculosis Report 2021. Geneva, Switzerland (WHO Press). https://www.who.int/publications-
detail-redirect/9789240037021.

Wingfield, T., Tovar, M. A., Huff, D., Boccia, D., Montoya, R., Ramos, E., Datta, S., Saunders, M. J., Lewis, J. J.,
Gilman, R. H. and Evans, C. A. (2017). A randomized controlled study of socioeconomic support to enhance
tuberculosis prevention and treatment, Peru. Bulletin of the World Health Organization, 95, 270-280.
http://dx.doi.org/10.2471/blt.16.170167.

Wohlleben, J., Makhmudova, M., Saidova, F., Azamova, S., Mergenthaler, C. and Verver, S. (2017). Risk factors
associated with loss to follow-up from tuberculosis treatment in Tajikistan: a case-control study. BMC Infectious
Diseases, 17, 543. http://dx.doi.org/10.1186/s12879-017-2655-7.

Woimo, T. T., Yimer, W. K., Bati, T. and Gesesew, H. A. (2017). The prevalence and factors associated for anti-
tuberculosis treatment non-adherence among pulmonary tuberculosis patients in public health care facilities in South
Ethiopia: a cross-sectional study. BMC Public Health, 17, 269. http://dx.doi.org/10.1186/s12889-017-4188-9

Workie, M. G., Aycheh, M. W., Birhanu, M. Y. and Tsegaye, T. B. (2021). Treatment interruption among drug-
susceptible pulmonary tuberculosis patients in Southern Ethiopia. Patient Preference and Adherence, 15, 1143-1151.
http://dx.doi.org/10.2147/PPA.S307091.

Zarova, C., Chiwaridzo, M., Tadyanemhandu, C., Machando, D. and Dambi, J. M. (2018). The impact of social support
on the health-related quality of life of adult patients with tuberculosis in Harare, Zimbabwe: a cross-sectional survey.
BMC Research Notes, 11, 795. http://dx.doi.org/10.1186/s13104-018-3904-6.

Zhang, Q., Gaafer, M. and El Bayoumy, I. (2014). Determinants of default from pulmonary tuberculosis treatment in
Kuwait. The Scientific World Journal, 2014, 672825. http://dx.doi.org/10.1155/2014/672825.

Zhou, C., Chu, J., Liu, J., Gai Tobe, R, Gen, H., Wang, X., Zheng, W. and Xu, L. (2012). Adherence to tuberculosis
treatment among migrant pulmonary tuberculosis patients in Shandong, China: a quantitative survey study. PLoS One, 7,
€52334. http://dx.doi.org/10.1371/journal.pone.0052334.



http://dx.doi.org/10.5588/ijtld.18.0672
http://dx.doi.org/10.1371/journal.pone.0155147
http://dx.doi.org/10.5588/ijtld.16.0741
http://dx.doi.org/10.1590/s1678-9946201759028
http://dx.doi.org/10.1371/journal.pone.0010043
http://whqlibdoc.who.int/publications/2003/9241545992.pdf
https://www.who.int/publications-detail-redirect/9789240007048
https://www.who.int/publications-detail-redirect/9789240037021
https://www.who.int/publications-detail-redirect/9789240037021
http://dx.doi.org/10.2471/blt.16.170167
http://dx.doi.org/10.1186/s12879-017-2655-7
http://dx.doi.org/10.2147/PPA.S307091
http://dx.doi.org/10.1186/s13104-018-3904-6
http://dx.doi.org/10.1155/2014/672825

