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Abstract: Infectious illnesses have always posed a threat to human health, with tuberculosis being a major
concern. The use of various drugs in the fight against such TB has led to the emergence of drug-resistant
tuberculosis, which has become increasingly difficult to manage. While there have been a few studies and
proposed conceptual models on how to manage and prevent various drug-resistant TB mutations and lineages,
a model aimed at limiting and controlling such mutations in rural areas burdened with tuberculosis is lacking.
This study seeks to map a model that is to be used to bridge the gap by facilitating the exchange of knowledge
among healthcare professionals in healthcare facilities, diagnostic laboratories, and research institutes,
particularly for underprivileged communities in the Eastern Cape. The prototype information is based on three
published manuscripts; therefore, this is a follow-up study. The model will also serve as a practical guide to
monitor and evaluate epidemiological TB management plans.

Keywords: model; drug resistance tuberculosis; collaboration

1. Introduction

Tuberculosis (TB) continues to be a significant public health concern worldwide, with drug-
resistant tuberculosis (DR-TB) adding to the problem. The initial treatment for TB involves the use of
two medications - Isoniazid (INH) and Rifampin (RIF) [1, 2, 3, 4]. The most significant concern for TB
control worldwide is now DR-TB, which is defined as TB that is resistant to the two most effective
and commonly used first-line drugs, INH and RIF [5, 6, 7, 8]. Resistance to first-line drugs for TB has
been linked to various gene mutations, including rpoB, katG, and inhA [6]. Sharing knowledge
between healthcare professionals (HCP) in healthcare facilities (HCF), diagnostic laboratories (DL),
and research institutes (RI) might help to enhance a better understanding of the epidemiology of DR-
TB and improve the approach on tackling this issue. As per various studies [9, 10], healthcare
organizations are increasingly recognizing the value of information sharing, with TB management
being a critical area for knowledge transfer among health institutions. World Health Organization
(WHO) and other sources define knowledge management as "a set of principles, tools, and practices
that enable people to create, share, translate, and apply knowledge to create value and improve
effectiveness [11, 12].” Collaboration across a range of health stakeholders, including HCP, HCF, and
DL, is characterized by knowledge exchange on improving management and the dissemination of
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up-to-date healthcare information to staff, patients, decision-makers, and other sectors. This
approach has proven to be effective and efficient in TB management. It is crucial to provide health
education and counseling to the communities. This will increase the awareness of healthcare
providers who interact with patients, thereby improving the quality of medical treatment they
provide [9, 10]. Studies conducted in other countries have shown that a culture of information sharing
is essential for the success of healthcare institutions, as it boosts intellectual capital, reduces costs, and
enhances competitiveness [9, 10, 11, 12]. To provide evidence-based healthcare and improve their
expertise, health professionals need current health information from reliable sources. Unfortunately,
medical personnel in resource-limited countries have a history of not sharing their experiences and
information, leading to numerous medical errors. Therefore, it is essential to establish a model for
these health stakeholders (HCF, HCP, and DL to share knowledge and collaborate, hence the
formation of this model. According to the HCF, DL, and R], it is a need to establish an information
system to store data for building TB epidemiological information in rural areas of the Eastern Cape.
Collaborative work by HCF, DL, and RI will ensure storage of information quality, which includes
data completeness-a valuable aspect often overlooked. It is important to ensure complete data entry
by all collaborating organizations in the information system. Otherwise, it becomes challenging to
evaluate actions and develop disease control plans, ultimately affecting the epidemiological profile
of affected areas. To gain a comprehensive understanding of TB transmission in rural parts of the
Eastern Cape, a strategy that incorporates healthcare facilities, diagnostic services, and research
services is required. Multi-sectoral cooperation between these parties will be economically
advantageous in terms of resource allocation, staff motivation, and readily available information
sources on interventions to enhance TB management in the research region. The study aims to map
a model for collaboration of health care facilities, diagnostic laboratories, and research institutions in
order to improve management of drug resistant tuberculosis in rural Eastern Cape.

2. Materials and Methods

Prototype information is based on three stages:

2.1. Stage 1

Our published study in the rural Eastern Cape Province identified gene mutations and DR-TB
genotypes (mono DR-TB, MDR-TB, and XDR-TB) using different assays. We collected and analyzed
1157 sputum samples from patients suspected to have TB, and our study findings, presented in Table
1, Table 2, Figure 3, and Figure 4 [13], highlight the analytic methods used to identify regions of DR-
TB mutations, heteroresistance, and genetic diversity, as presented in Table 3, Figure 5, and Figure 6
[13].

2.2. Stage 2

We conducted a study on the distribution of M. tuberculosis mutations and spoligotypes, which
is presented in our published manuscript [14]. The aim of the study was to identify transmission
hotspots of DR-TB and to analyze the Line Probe Assay (LPA) and spoligotype results of M.
tuberculosis isolates using the QGIS 3.14 software. By doing so, we were able to identify geographical
areas with a high incidence of the disease. To determine the type of DR-TB, gene mutations, and
heteroresistance, we used the LPA score and banding patterns, which are further explained in Figure
7, Figure 8, and Figure 9 of our manuscript [14]. To conduct the analysis, we merged clinics within
hospitals that had the same coordinates. This is shown in Table 1, Table 2, and Table 3, and Figure 2,
Figure 3, Figure 4, Figure 5, and Figure 6 of our published manuscript [14]. Our investigation of the
distribution of M. tuberculosis mutations and spoligotypes allowed us to identify transmission
hotspots of DR-TB. This is shown in Table 1, Table 2, and Table 3, and Figure 2, Figure 3, Figure 4,
Figure 5, and Figure 6 of our published manuscript [14]. All of this is further explained in our
published manuscript [14], with detailed information provided in various tables and figures.
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2.3. Stage 3

Our research on the treatment outcomes and related factors among tuberculosis patients
involved examining the clinic records of 457 patients with DR-TB using the ambidirectional method.
In addition, we followed up with 101 patients prospectively until the completion of their treatment,
as detailed in our published manuscript [15]. The collected data included socio-demographics,
clinical information, and treatment outcomes, which we analyzed using Stata version 17.0, as
presented in Table 1, Table 2, Table 3, and Table 4, along with Figure 1, Figure 2, Figure 3, Figure 4,
Figure 5, Figure 6, and Figure 7 from our published manuscript [15]. We calculated the odds ratio
and 95% confidence interval to assess the association between variables. A p-value of 0.05 or less was
considered statistically significant [15].

3. HIV-TB Coinfection

The co-infection of TB and HIV is a major public health problem in many parts of the world,
particularly in resource-limited countries like South Africa. According to Faye et al. [15], the rate of
co-infection was high in rural areas of Eastern Cape, with men being mostly affected, leading to poor
treatment outcomes. It has been established that the double burden of TB and HIV is a significant
global health challenge [28, 29, 30]. TB is the leading immune-suppressing infection and the most
common cause of death among HIV-infected patients [22, 23, 31]. The WHO estimates that patients
living with HIV are 20 times more likely to acquire TB than those without HIV [1, 2, 3, 30, 31].

4. Treatment Outcomes

The success rate of TB treatment was lower than the WHO threshold standard at 65.8% due to a
high number of patients being lost during follow-up. The co-infection of TB and HIV has resulted in
poor treatment outcomes in rural areas of the Eastern Cape [15]. INH is one of the most efficient and
targeted medications for treating the disease caused by M. tuberculosis. It is a key component of
current short-course chemotherapy for TB and is commonly used to treat latent MTB infection (LTBI)
to prevent the progression of the infection to active disease and the spread of TB. The development
of INH resistance is a typical first stage in the transition to MDR [16]. Treatment success rate (TSR) is
a critical factor in the global End TB strategy. South Africa has a national TSR of 76%, which still falls
short of the standard set by the WHO, the global health body [30].

5. Validity and Reliability

Authenticity of an empirical measure refers to how accurately it reflects the intended concept.
In order to establish the validity of this model, researchers tracked the intermediate results and
compared them with observed outcomes. They validated the simulation model output by testing it
with various input combinations. Additionally, the final simulation results were compared with
analytic results. The research instruments were found to be substantially comparable and consistently
produced the same or similar results when tested under the same conditions.

6. Definition of Operational Concepts

e  Gene mutation is a change to a gene's DNA sequence to produce something different. It creates
a permanent change to that gene's sequence. Genetic variations are important for humans to
evolve, which is the process of change over generations [35]

e TB mutations are resistance originates in the course of treatment due to genomic mutations in
M. tuberculosis. An increase in new cases of drug-resistant TB could be an indicator of high
levels of circulating resistant strains [38]

e TB lineages are groups of related M. tuberculosis strains described variously as lineages,
families, or clade [35]

e  Model is an ideal guidance or imitation. The term "model" refers to something that is accepted
or suggested as being admirable [40].
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e  Collaboration healthcare is defined as the sharing of responsibilities for problem-solving and
making decisions to formulate and carry out plans for patient care [38].

e  Health stakeholders are individuals or groups who have an interest in a sector, such as the health
system. They can influence decisions, shape policy, and create an environment that best serves
the needs of those involved in the sector [38].

e  Spoligotype is a PCR-based method allowing analysis of strain-dependent polymorphisms
observed in spacer sequences present within the direct repeat genomic region of M. tuberculosis
complex strains [13].

3. Results

Here are some of the important discoveries from the initial investigations, which were
conducted in three parts.

3.1. Gene mutation and Regions of Mutations.

The mutations associated with RIF resistance were analyzed, and it was found that the rpoB
gene is the most common source of resistance in M. tuberculosis. The rpoB region S531L exhibited
the highest prevalence of changes and is linked to major MDR-TB outbreaks in many parts of the
world. Most of the samples studied had mutations in the rpoB codon 531, which is known to indicate
RIF resistance [16]. Changes in codon 315 of the katG gene are primarily responsible for INH
resistance. Numerous studies conducted worldwide have shown that the S315T mutation is closely
related to high levels of INH resistance. The katG gene mutation is one of the main mechanisms of
INH resistance in MTB [16].

3.2. Heteroresistance

It is a phenomenon that occurs when a patient is infected by both drug-resistant and susceptible
strains of an infection simultaneously [17,18]. It is considered a precursor to full resistance or low
levels of drug-resistant TB. According to studies conducted by Faye et al. [13], heteroresistance is
increasing every year in rural areas of Eastern Cape. The results of treatment may be negatively
affected by heteroresistance as it can develop when drug-resistant individuals spread susceptible and
resistant M. tuberculosis strains to untreated cases or newly infected patients. It has been observed
that MDR isolates are more likely to carry the katG S315T mutation than non-MDR strains [19,20]. It
was discovered that the katG gene had more heteroresistant strains than rpoB and InhA genes, which
can result from mixed infection or clonal heterogeneity. This is thought to be the first step toward
total resistance, and it indicates that INH in this region is beginning to exhibit full resistance.

3.3. Type of Lineage

The Beijing family of tuberculosis is known to be associated with drug resistance in some parts
of the world [27]. It is also recognized as being more transmissible than other families and is more
prevalent in the Eastern and Western Cape regions [22, 23]. Faye et al. have also confirmed this high
prevalence in rural Eastern Cape [13,14]. Studies conducted in other provinces of South Africa such
as Western Cape, Limpopo, and Mpumalanga have also reported a high prevalence of this family
[35, 36]. Several studies by Ameeruddin and Luke [34], Ano et al. [25], and Gagneux et al. [33] have
reported that the katG-S315T mutation has a low-fitness cost, is spread to Beijing strains as well as
other strains, and is more likely to be clustered. It has also been positively correlated with treatment
failure [27].

3.4. Significance of the Model

Since 2020, there has been a slight increase in TB cases, which is believed to be due to the
pandemic[38]. Unfortunately, this increase has set us back 12 years in our global progress towards
tackling TB [38]. South Africa is currently one of the three countries in the world with the highest
incidence of TB, drug-resistant TB, and HIV-associated TB. Shockingly, the WHO estimates that over


https://doi.org/10.20944/preprints202311.1940.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2023 doi:10.20944/preprints202311.1940.v1

110,000 patients with TB died in South Africa between 2020 and 2021 [38]. However, South Africa is
leading the way in TB research and development. The WHO's 2022 End TB strategy highlights the
potential of multi-sectoral approaches to addressing TB determinants and achieving TB elimination
[38]. This manuscript explores possible types of multi-sectoral collaboration and their potential in the
context of innovative research, clinical management, and laboratory services. The goal of this
manuscript is to be an enabler and policy advocate for the successful implementation and positive
impact of the end TB policy in the Eastern Cape. Unfortunately, according to the studies by Pai and
colleagues [39], the world is not on track to meet the End TB Strategy's goal of ending the global TB
epidemic by 2030. Therefore, this manuscript emphasizes the importance of multi-sectoral
collaboration and underlines the need for improved collaboration to confront drug-resistant MDR-
TB and XDR-TB, which continue to pose a significant threat to the control of the disease on a global
scale as a contribution to The end TB goals 2030 strategy. The WHO has indicated that communities
and people affected by TB must be engaged, empowered, and supported. Additionally, it is
acknowledged that multi-sectorial actions are necessary to address the social and economic
determinants of the disease, including overall poverty reduction and achieving universal health
coverage. The success of TB control depends largely on effective prevention strategies, early
diagnosis, and adequate treatment, particularly for drug-resistant tuberculosis [38].

3.5. The Model’s Aim to Enhance Capacity, Provide Improved Implementation Guidance, and Ensure
Effective Monitoring and Evaluation.

A crucial part of the approach to managing TB is increasing the ability of healthcare providers,
laboratory staff, and researchers to provide integrated services. Building capacity, providing
guidance, monitoring, and evaluating the impact of the model will serve as the foundation for
initiatives aimed at improving health systems and interventions intended to raise the quality of TB
management and control services. Topics related to TB and its co-infection with HIV will be
continuously discussed from the standpoint of collaboration among lab management, clinical
management, and research methods. It is critical that training covers "systemic" topics including ways
to improve referral systems and record keeping. Sessions will be held at the providers' sites to boost
attendance, non-clinical personnel like clinic receptionists/clerks, data capturers, and even security
guards who are interested but not mandatory will be included together with other community
members. The capacity-building, implementation guide, including monitoring and evaluation, will
be facilitated by the authors of this manuscript for the effective and efficient implementation of this
model.

3.6. The Synthesised Model

The information from stage one, two, and three was used to manage TB. To manage TB, it is
important to identify hotspots for gene mutations and lineages, especially those that contribute to
DR-TB transmission and mixed infections in areas like rural Eastern Cape Province. Targeted
interventions are required for rural populations as delivering DR-TB services in these regions is
challenging due to obstacles such as co-infection with HIV and poverty. The Beijing family of M.
tuberculosis and RIF resistance are both common in this region and are linked to the emergence of
MDR. This study identified an increase in the rate of heteroresistance. Co-infection with HIV and
inadequate treatment adherence are two variables that complicate the diagnosis and treatment of DR-
TB, and thus, it is crucial that labs record them and treating clinicians are aware of the distribution of
these spoligotypes of M. tuberculosis. There is a lack of information on the impact of antibiotic
resistance on gene mutations, bacterial fitness, and other factors. Ongoing surveillance is
recommended since genetic alterations are the main cause of the high frequency of treatment
resistance seen in this TB study location. Early detection and management of drug-resistant
tuberculosis is necessary to prevent its spread. Collaborating with health care facilities, diagnostic
laboratories, and research institutions will improve and control tuberculosis, including HIV,
especially in poor communities in the Eastern Cape Province Thus, the model's design is essential.
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3.7. The Model’s Origin

Faye et al.'s ecological research design stresses the importance of stopping the spread of DR-TB.
Additionally, it draws attention to the gene mutations and lineages that are essential for the spread
of DR-TB and mixed infections, especially in places with a high TB burden and little resources, like
rural poverty areas. Since it is difficult to provide these services in these areas due to challenges in
diagnosis and treatment, including co-infection with HIV and poverty, targeted interventions may
be necessary for the rural population. As part of research, another study was conducted to assess the
treatment outcomes of TB patients in the same rural of the eastern cape. The study involved
reviewing medical records and following up with patients from the start of their TB treatment until
the treatment outcome stage. Over a period of 36 months (January 2018 to December 2020), sputum
samples were collected from 1,157 patients suspected of having TB from different healthcare facilities.
The specimens were collected from patients who showed clinical signs of TB and were seeking
medical assistance from 118 healthcare facilities located in five districts. The collection was performed
by clinicians in various healthcare facilities as the last part of the study design for our last manuscript.
The three manuscripts were then, the culmination of this model formulation.

3.8. Validation of the Model Value

In order to assess the effectiveness of this prototype, it was needed to be validated. This process
helped to determine whether the model was suitable for achieving the study's objectives and
provided a solution to the research question. In this investigation, it was verified to determine
whether the study's aims were met. Researchers, laboratories, health professionals, and model
development specialists at Walter Sisulu University received the questionnaires and structure to
validate the prototype. The primary objective of the model during validation was to demonstrate that
it could be used to manage drug-resistant TB in rural eastern cape communities. Through validation,
the performance of the model, as well as its suitability for the study's objectives and research problem,
were evaluated.

Health
( care |

N/

Diagnostic Research
laboratory Institution

Figure 1. Collaboration and communication motivation model of patient care and disease
monitoring institutions.
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Figure 3. Plan to manage information on DR-TB gene mutations and strains.
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Figure 4. Model mapping for management and spread of DR-TB gene mutations and lineages in
rural Eastern Cape.

4. Discussion

The institutions presented in Figure 1 have been observed to have a weak connection, which
negatively impacts the health programs aimed at strengthening TB control and reducing drug
resistance. Effective sharing of TB information between DL, RI, and HCF through collaboration can
enhance the information provided by HCPs to patients in a way that is easily understood. Similar
studies have shown findings that are consistent with our study [39]. Many countries are currently
facing high rates of TB and HIV co-infection, along with an increase in MDR and XDR infections. To
combat this issue, the WHO has updated its policies with the aim of improving the diagnosis of this
deadly disease in the countries that are most affected. The WHO's Strategic and Technical Advisory
Group for TB has recommended that middle- and low-income countries use liquid culture and rapid
species identification for culture and drug susceptibility testing (DST). The WHO has recognized that
implementing these recommendations would require strengthening TB laboratory services,
especially for clinicians, and improving research [41]. Another study conducted in Vietnam analyzed
key stakeholders' model of collaboration in addressing barriers and facilitators when implementing
active tuberculosis case-finding in six districts [42]. The increasing number of drug-resistant TB cases,
heteroresistance, and treatment failures in the study area is a major concern. This is likely due to the
lack of a collaborative approach to tackling TB among HCF, DL, and RI. Therefore, it is vital to
establish cooperation between HCF, DL, and RI to address these issues as it requires
multidisciplinary professionals to work together with the institutions depicted in Figure 1 to
effectively analyze DR-TB mutations and strains for TB control. To achieve comprehensive TB
control, all healthcare organizations (HCF, DL, and RI) must be included in the effort, as outlined by
the WHO Global Report [30].

The accuracy of disease updates depends on the quality of data entered by the collaborators. It
is vital to establish a strict system for entering complete and reliable data to accurately characterize
the true epidemiological state of TB. Failure to provide quality data may lead to challenges in
monitoring and managing the spread of DR-TB gene mutations and strains. It is recommended to
perform spatial analysis at least every three months using data from the collaborators in the system
to effectively monitor and manage the disease's spread. Incomplete disease notification instruments
and follow-up procedures can lead to misinterpretation of the epidemiological situation and case
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follow-up. The COVID-19 pandemic has taught us the importance of collaborative TB management
preparedness for any future pandemics. Before the emergence of SARS-CoV-2, TB was the biggest
infectious killer of humans, causing an estimated 1.6 million deaths worldwide in 2021, with the
majority of deaths occurring in low- and middle-income nations (LMICs). In 2019, an estimated 10
million people contracted TB, with only 7.1 million receiving diagnoses and notifications, leaving 2.9
million people undiagnosed. The pandemic has had a devastating effect on TB services, resulting in
a diagnosis gap of 4.2 million cases. In 2021, only 6.4 million of the estimated 10.6 million TB cases
were diagnosed and notified to national TB programs globally. Tackling the risks posed by DR-TB
genetic mutations and strains in rural regions is the main focus. These areas have been identified as
the primary sources of the TB epidemic in rural Eastern Cape [13-15]. To refine and adapt to the
changing epidemiology of DR-TB and incorporate new advances in DR-TB control, it is essential to
evaluate the existing systems regularly using key points, as shown in Figure 2. Though collaboration
for enhancing DR-TB control is less emphasized in rural areas, this model illustrates how
collaboration practices can influence the implementation of standardized TB control programs in
different locations. Despite the availability of effective treatments since the 1980s, tuberculosis
remains a significant global public health concern that requires proper management of information
regarding DR-TB. Proper dissemination of information from laboratories and healthcare
professionals will assist HCPs in gaining a better understanding of the disease's epidemiology
through deep learning and data analysis, while patients will receive more comprehensive education.
In Figure 3, there is a communication plan that emphasizes the importance of managing knowledge
between three collaborators. Model mapping for the management and spread of DR-TB gene
mutations and lineages in rural Eastern Cape needs quality pre-analytical and post-analytical
processes that are well communicated among institutions responsible for TB management, as shown
in Figure 4. Policymakers can use this model as a concept demonstrator to aid in making decisions
based on analytical evidence when managing the spread of DR-TB, gene mutations, lineages, and
treatment outcomes in rural areas of the province. It is important to create customized models to
represent individual communities' unique factors that influence disease spread. This is especially
crucial for the effective management of tuberculosis in rural areas of Eastern Cape. The HCF provides
clinical care for a large number of tuberculosis patients, while research facilities continue to
investigate the information on M. tuberculosis received from DL. Although all three collaborators
will participate in the same intervention, their ability to exchange knowledge and implement
improvements to integrate services will differ. Research conducted in various locations has shown
that incorporating a collaborative knowledge translation framework, along with providing resources
like facilitation and distributed leadership, within a transdisciplinary team consisting of research
institutions, healthcare workers, and laboratories, can enhance collaboration and aid in achieving
transdisciplinary research goals [35]. Tuberculosis is a significant disease that requires modeling to
identify effective intervention strategies, especially in vulnerable communities such as rural areas of
this province where the disease is prevalent [30]. It is crucial to note that TB transmission models are
specific to certain geographic areas and should not be applied generally. Therefore, this model was
developed specifically for this study setting, with the intention of allowing policymakers to
determine which aspects to focus on to reduce the spread of TB in this area. Due to the unacceptable
levels of M. tuberculosis spread in this study setting, it is essential to focus on reducing its spread. To
provide healthcare services tailored to each community's needs, various service delivery models have
been developed, including one that promotes ongoing collaboration among healthcare organizations
to understand the epidemiology of TB in rural areas of the Eastern Cape. The objective of these efforts
is to develop a robust model on drug-resistant TB.
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5. Study Limitation

The outcomes of this study are dependent on the data published in manuscript parts one, two,
and three, which limits its scope. Additionally, since the findings are based solely on data from rural
areas of Eastern Cape research, their generalizability is limited. However, the study's ability to inform
and improve intervention methods in the rural areas of the province and other similar contexts is a
significant strength.

6. Conclusions

To improve patient management, there must be effective collaboration between clinicians,
researchers, and laboratories. The model will strengthen health education programs that are custom-
tailored to the unique needs of the community, taking into consideration the most recent updates on
DR-TB gene mutations and strains, the partnership model will enhance health education initiatives
that are specifically suited to the requirements of the community. Our primary goal is to diagnose
and treat TB effectively, which necessitates early identification. The model for quality care in TB,
including HIV management, will be implemented effectively and efficiently with continuous
supervision, mentorship, and training. The designers of this model will lead the implementation
process in collaboration with the programme managers of TB as well as the coordinators of the TB
and HIV programs in the province. This approach will ensure that the model is strengthened and
that quality care is provided to patients and the population of the Eastern Cape Province. If we cannot
find TB, we cannot treat TB and if we cannot treat TB, we cannot end TB therefore that will hinder
strategic vision of The End TB 2030.
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