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ABSTRACT   

BACKGROUND:  The increasing prevalence of drug-resistant tuberculosis (DR-TB) poses a 
critical and significant obstacle in the management of tuberculosis (TB) worldwide. This driven 

by the emergence of multidrug-resistant tuberculosis (MDR-TB) strains and co-infection of TB 
with human immunodeficiency virus (HIV) have become major challenge in eradicating TB 
especially in low- and middle-income countries. Approximately half a million cases of 

rifampicin-resistant tuberculosis were reported in 2020, with 78% of these cases developing 
into MDR-TB.  

AIM: This study aimed to investigate the prevalence of MDR-TB and its associated risk factors 

in Vhembe region (Limpopo, South Africa).  

METHODOLOGY: A structured questionnaire was used to collect data on plausible risk 
factors. A total of 50 participants from the overall study were enrolled and sputum samples 

were obtained from patients receiving treatment from 20 healthcare facilities. Each patient 
blood sample was first tested for HIV using rapid test. For this study DNA was extracted from 
the sputum samples using reagents from multiplex real-time PCR kit (Allplex). Multiplex 

realtime PCR (Anyplex/ Allplex) was used to confirm the presence of TB and to detect MDR-
TB respectively. MassArray was used to detect any mutation on the SNPs for rpoB and katG 
and inhA promoter region of the MTB.   

RESULTS: Out of the 50 TB patients, 18% (9/50) were found to be MTB, 18% (9/50) to be 
MTB+NTM and (27/50) were NTM and 10% (5/50) could not be amplified. In this study, it was 

found that 2 samples were DR-TB from the patients that were MTB and MTB+NTM positive. 
Overall, the percentage of DR-TB was 4% (2/50). HIV prevalence in the population was 64% 
(32/50). The risk factors that showed high significance level of association are educational 

level (52%), occupation (60%), religion (80%), dusty area (72%), wearing protective mask 
(72%) and family support (90%).  Sequence analysis showed no mutation in one patient and 

for the other patient the DNA not successfully genotyped.   

Conclusion: There are several risk factors that are associated with TB, this includes education 
level, occupation, and religion. High prevalence of TB (32%) was found. However, there was 

low prevalence (4%) of DR-TB found (Rifampicin resistant, isoniazid resistant). Furthermore, 
after genotyping the resistant SNPs using MassArray, the results obtained showed that there 
was no mutation identified. It was observed that adolescents and young adults are more 

susceptible to acquiring TB and DR-TB. Timely detection of medication resistance is 
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imperative for the efficient management of the disease and dissemination of information 
related to TB and MDR-TB is vital especially in low- and middle-income countries.   

Keywords: Anyplex/allplex, HIV, MDR-TB, risk factors, SNPs, TB.  
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CHAPTER 1  

GENERAL INTRODUCTION  

1.1 BACKGROUND  

Tuberculosis (TB) remains a significant global public health concern, affecting over 10 

million individuals annually and resulting in nearly 1.5 million deaths. This infectious 

disease, caused by Mycobacterium tuberculosis (MTB), primarily manifests in the 

lungs (pulmonary TB) but can extend to other organs, leading to extrapulmonary TB. 

Inhalation of even minute quantities of these bacteria can result in infection (Mirzayev 

et al., 2021). Notably, TB stands as the second most prominent infectious cause of 

death worldwide, second only to COVID-19 (Chakaya et al., 2021). Despite the 

effectiveness of anti-TB medications, drug-resistant strains of MTB are emerging.   

The evolution of drug resistance in MTB is facilitated by various mechanisms, including 

compensatory evolution, clonal interference, epistasis, activation of efflux pumps, 

impermeability of the cell envelope, target mimicry, drug degradation and modification, 

and the development of phenotypic drug tolerance (Rojas et al. 2019; Al-Saeedi and 

Al-Hajoj, 2017). In 2020 it was reported that over 500,000 patients demonstrated 

resistance to rifampicin (RIF), a key anti-TB drug. Alarmingly, 78% of these cases 

progressed to multidrug-resistant tuberculosis (MDR-TB) (Maphalle et al., 2022). This 

escalation of drug-resistant tuberculosis (DR-TB) strains poses a difficult challenge to 

global health efforts, necessitating a deeper understanding of the factors contributing 

to resistance and the development of strategies to mitigate its impact (Sheikh et al., 

2021).  

The development of TB and the emergence of drug-resistant strains are complicated 

processes influenced by various interconnected factors. Individual determinants such 

as socio-demographic characteristics, lifestyle choices, and genetic predispositions 

play fundamental roles in shaping susceptibility to TB (Abel et al., 2018, Irfan et al., 

2017). Living conditions, including overcrowded environments and inadequate access 

to healthcare, contribute to the transmission dynamics of MTB (Srivastava et al., 

2015). Furthermore, the rise of DR-TB strains is often linked to suboptimal adherence 

to treatment regimens, incomplete therapeutic courses, and challenges in healthcare 

infrastructure (Tiberi et al., 2022). Co-morbidities, such as human immunodeficiency 
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virus (HIV), also elevate the risk of TB, creating a complex interactions of health 

conditions (Wong et al., 2020). Understanding these multifactorial influences is crucial 

for devising effective prevention and intervention strategies, as it necessitates a 

comprehensive approach addressing the diverse determinants impacting the 

development and spread of TB and drug-resistant strains.  

There are two distinct types of resistance observed in MTB-resistant strains: genetic 

resistance, involving mutations in genomic regions conferring the ability to evade drug 

effects, and phenotypic resistance, involving epigenomic modifications that induce 

drug resistance without DNA mutations (Singh et al., 2020). Rifampicin-resistant 

tuberculosis (RR-TB) specifically denotes resistance to RIF without affecting other 

first- or second-line drugs (Prasad et al., 2018). MDR-TB is characterized by 

resistance to at least two potent anti-TB drugs, isoniazid (INH), and RIF (Singh et al., 

2020).   

Treatment for RR-TB and MDR-TB is typically prolonged, lasting 18 months or more, 

and involves a combination of selected first-line drugs along with various second-line 

drugs, which tend to be more expensive and toxic (Falzon et al., 2016). Despite rapid 

advancements in understanding the molecular genetic basis of antituberculosis drug 

resistance, there remain unknown mechanisms through which bacilli can resist these 

drugs (Zhang and Yew, 2015). The identification of clinical isolates exhibiting 

resistance to antituberculosis drugs is crucial for facilitating timely and accurate 

diagnosis, enabling the initiation of appropriate treatment strategies (Singh and 

Chibale, 2021).  

Drug resistance in MTB displays global variability, with rural areas being particularly 

impacted (Chisompola et al., 2020). Rural areas confront numerous challenges, 

including limited healthcare facilities, a scarcity of proficient healthcare professionals, 

and insufficient laboratory services. These constraints impede the prompt and 

accurate diagnosis of TB as well as the identification of drug resistance. Rural 

populations, often involved in agricultural occupations, face heightened exposure to 

environmental factors that elevate the susceptibility to TB (Kirkhorn and Garry, 2000).   

Inadequate occupational safety practices contribute to the emergence and 

dissemination of DR-TB (Sharma et al., 2018). The lack of awareness regarding TB, 

encompassing its origins, symptoms, and available treatments, fosters stigma and 

discrimination (Mason et al., 2016; Manzoor and Ganie, 2015). This, in turn, deters 
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individuals from seeking timely healthcare, exacerbating the transmission of TB and 

drug-resistant strains.  

Effectively addressing TB and DR-TB in rural areas necessitates a thorough and 

tailored approach. Strategies should concentrate on fortifying healthcare 

infrastructure, enhancing access to diagnostic and treatment services, tackling 

socioeconomic determinants, and promoting community engagement (WHO, 2018a). 

These concerted efforts aim to alleviate the burden of TB and mitigate the emergence 

of drug resistance in rural settings., its emergence poses significant challenges to TB 

control efforts. DR-TB strains, observed in both healthcare facilities and communities, 

exhibit varying degrees of resistance, including rifampicin resistance (RR), MDR, and 

extensive drug resistance (XDR) (Shibabaw et al., 2020).   

  

1.2 STUDY RATIONALE  

Drug resistance is threatening global TB control and in 2018, it was reported that, over 

500,000 cases were resistant to first-line treatments. In Africa, there were 26,845 

cases of multidrug- resistant and rifampicin-resistant TB (MDR/RRTB) cases reported 

in 2017 (WHO, 2018b). Previous study conducted by Ismail and colleagues (2018) 

from 2012-2014 reported that, MDR tuberculosis was found in 2.1% of new TB cases 

and 4.6% of retreatment cases across the country (South Africa) and an estimated 

8249 cases of MDR TB were reported.   

The continuing emergence and spread of DR-TB is one of the most urgent and difficult 

challenges faced by global TB control.  TB continues to be a public health challenge 

in South Africa, moreover, drug-resistant tuberculosis which is also on the rise (Shah 

et al., 2017). TB is the driver of DR-TB, According to Cox et al. (2017) South Africa 

ranks the third-highest number of DR-TB patients globally, after India and Russia. It is 

important to investigate the risk factors associated with TB and MDR-TB in the rural 

area, DR-TB makes it difficult to treat.  

Few studies have been conducted in Limpopo focused on the prevalence and risk 

factors of TB (Mlangeni et al., 2023; Ramaliba et al., 2017) where they used 

questionnaire to collect data, risk factors include overcrowding, inadequate ventilation,  

TB treatment interruption, rural settlement, working in a mine, and low income.  
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Nevertheless, there is scarcity of data based on drug resistant TB and the genes 

associated with DR-TB, that is rpoB, katG and inhA promoter region in the Vhembe 

district.   

Rural areas often face specific challenges, including limited access to healthcare, 

poverty, and inadequate sanitation (Habib et al., 2021) Studying the prevalence of TB 

helps to understand the magnitude of the disease's influence in these situations 

(Adane et al., 2020; Dye et al., 1999).   

Therefore, this study aims to investigate the multi-drug resistance TB and associated 

risk factors among patients in Vhembe region of Limpopo, South Africa. This study will 

also add to MDR profile and enhance the management of TB.   

  

1.3 RESEARCH QUESTION  

• What is the prevalence of MDR-TB in the Vhembe region?  

• What are the risk factors associated with the development of TB and MDR-TB 

in the Vhembe region?  

• What are the common TB genes leading to MDR-TB in Vhembe?  

  

1.4 OBJECTIVES    

1.4.1 PRIMARY OBJECTIVE   

• To investigate the prevalence of MDR-TB drug and associated risk factors among 

patients in Vhembe region (Limpopo, South Africa).  

  

1.4.2 SECONDARY OBJECTIVES  

• Determine common risk factors associated with TB and MDR-TB through a 

questionnaire.  

• Determine the prevalence of MDR-TB among TB patients in Vhembe district 

using multiplex real-time PCR (Anyplex/ Allplex).  

• Determine selected gene mutation (rpoB, katG and inhA promoter region) 

among RR-TB patients using massArray.   
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CHAPTER 2  

LITERATURE REVIEW  

2.1 TUBERCULOSIS AND DRUG RESISTANCE  

Tuberculosis (TB) is an infectious disease that is caused by a type of bacteria called 

Mycobacterium tuberculosis (MTB). It typically affects the lungs but can also spread 

to the other parts of the body (Batista et al., 2020). Mycobacteria is the only genus in 

the family Mycobacteriaceae and a part of the order Actinomycetales. There are 

currently more than 100 recognized or suggested species in the Mycobacterium 

genus, many of which are pathogens and saprophytic organisms of warm-blooded 

animals. This genus can be distinguished by its acid-fastness and the presence of 

mycolic acids. Mycobacterium tuberculosis, Mycobacterium Africanum, 

Mycobacterium bovis, Mycobacterium canettii and Mycobacterium microti make up the  

Mycobacterium tuberculosis complex (MTBC) (Hayward et al., 2018; Ogbuoji et al., 

2018; Romha et al., 2018).   

MTB was discovered by Robert Koch in 1882, his discovery was the most important 

step toward tuberculosis eradication and control (Cambau and Drancourt, 2014). 

According to the WHO report in 2017, there has been a consistent annual decline of 

1.5% in the estimated worldwide incidence rate of tuberculosis from the year 2000. 

Despite these significant improvements and the extensive worldwide efforts to 

eliminate tuberculosis, the disease continues to contribute significantly to both 

morbidity and mortality on a global scale. To inform the public about the impact of TB 

on the world, the 24th of March was designated as World TB Day (WHO, 2005).  

Individuals that are infected with HIV are more likely to contract TB disease (Twumasi 

et al., 2019), HIV and TB are a deadly combination because they both stimulate the 

progression of the other. Without sufficient treatment, the average mortality rate for 

HIV-negative TB patients is 45%, and HIV-positive TB patients are almost certain to 

die. About 187 000 persons died of HIV-associated TB in 2021 (WHO, 2021). In 2021 

a significant number (76%) of TB patients were co-infected with HIV, compared to 73% 

individuals who were infected in 2020, thus TB/HIV co-infection is of great concern. 

Additionally, the WHO African Region has most HIV-associated TB cases. Additional 

risk factors include elderly people, malnourished, males who are alcoholics, homeless, 

immigrants, and prisoners (Lönnroth et al., 2010)  
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When one is diagnosed with active TB, the healthcare practitioner prescribes anti-TB 

drugs, the standard anti-TB drugs include RIF, INH, Ethambutol (EMB), Pyrazinamide 

(PZA) (these four drugs are known as RIFAFOUR), these drugs are administered for 

6-9 months (Abdelwahab, 2021).  However, improper administration of anti-TB drugs, 

late diagnosis, non-adherence to anti-TB drugs, evolution MTB strain (mutated), 

therefore drug resistant MTB arises (Borah et al., 2021).   

Because MTB exhibit spontaneous, predictable rates of chromosomal alterations that 

confer drug resistance, thus DR-TB develops (Hameed et al., 2018). A susceptible 

strain of MTB may quickly develop drug resistance if there is monotherapy, 

unpredictable drug compliance, omission of one or more drugs, inappropriate dosage, 

poor drug absorption, or not enough active drugs in a regimen (Jang and Chung, 2020; 

WHO, 2018b).  

There are types of resistance which include: Mono-resistance which refers to the 

condition where an individual is resistant to only one first-line anti-TB treatment (Lesnik 

and Nigulyanu, 2021). MDR-TB is caused by MTB bacteria that are resistant to at least 

INH and RIF (Almatar et al., 2020).   

Pre-extensively drug-resistant tuberculosis (pre-XDR-TB) is resistant to INH, RIF, plus 

resistant to any one of the fluoroquinolones drugs and one of the second-line injectable 

anti-tuberculosis drugs. While XDR resistant to INH and RIF, plus resistant to any one 

of the fluoroquinolones drugs and one of the 3 second line injectables anti-tuberculosis 

drugs (amikacin, kanamycin, or capreomycin). Totally drug-resistant tuberculosis 

(TDR-TB), a condition characterized by resistance to all anti-tuberculosis medications 

now under testing, has recently brought about a more concerning situation (Stephanie 

et al., 2021).  

Resistance to INH is due to mutations at one of two main sites, in either the katG or 

inhA genes. Resistance to RIF is nearly always due to point mutations in the rpoB 

gene in the beta subunit of DNA-dependent RNA polymerase (Ismail et al., 2016).  

  

  
2.2 MYCOBACTERIUM TUBERCULOSIS COMPLEX   
Mycobacterium tuberculosis complex (MTBC), comprise of various strains such as M. 

tuberculosis M. canetti, M. microti, M. africanum, and M. bovis cause TB (de Jong et 
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al., 2010).  However, MTB is the most common strain. Furthermore, within the genus 

of this organisms are other strains called Non-Tuberculous Mycobacteria (NTM) which 

share certain similarities in their biology, including the unique characteristics (Pereira 

et al., 2020). MTB is distinguished from other NTM and those within the MTBC involve 

specific genetic markers and genomic characteristics (Chin et al., 2018). These 

differences contribute to the unique pathogenicity, virulence, and adaptation of MTB to 

the human host.   

  

2.3 NON-TUBERCULOUS MYCOBACTERIA  
Non-tuberculous mycobacteria (NTM) are widely distributed in the environment 

(Gopalaswamy et al., 2020). These organisms have also been isolated from milk, food 

products, wild animals, plants, dirt, dust, and drinking water sources (Honda et al., 

2018; Falkinham, 2015). There are over 170 species of mycobacteria in the NTM 

family. However, M. avium complex (MAC), M. kansasii, and M. abscessus species 

are mostly responsible for human lung disease (Johnson and Odell, 2014).  NTM are 

distinguished by a thick, lipid-rich outer coating that encircles a thin peptidoglycan 

layer. This coating allows NTM to adhere to rough surfaces and provides resistance to 

antibiotics and disinfectants, facilitating NTM survival under low oxygen and carbon 

concentrations and other unfavourable environments (Falkinham, 2018).   

2.4 PATHOGENESIS OF MYCOBACTERIUM TUBERCULOSIS  

The pathogenicity of MTB primarily relies on three factors: the ability of the bacteria to 

reprogram host macrophages following initial infection, thereby evading elimination; 

the formation of granulomas, which allow the pathogen to coexist with the host immune 

response; and the regulation of bacterial central metabolism and replication, leading 

to a dormant state in which MTB becomes resistant to both host defences and therapy 

(Miggiano et al., 2020; Zhai et al., 2019).  

The MTB life cycle is considered to begin upon its arrival in the airway and lung as 

shown in Figure 2.1. The initial interaction between the airway and bacillus is referred 

to as primary infection. MTB initially enters the body through the nose or mouth. It then 

interacts with cells in the upper airway and often proceeds to the distal lung, ultimately 

reaching the alveolar space (Rahlwes et al., 2023). To survive and initiate infection, 

MTB subsequently invades beyond the mucosal or alveolar epithelium. MTB can infect 
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epithelial cells as it passes through the upper and lower airways (Rodrigues et al., 

2020).  

  
Figure 2.1: MTB invades the human body through the respiratory tract, specifically targeting 
the innate immune system located in the alveolar region. Macrophages and dendritic cells 
phagocytose the bacteria, thereby recruiting new cells and initiating adaptive immunity. The 
innate and adaptive immune systems work together to eliminate the bacteria or limit its 
replication within a granuloma. Active tuberculosis can arise from either initial infection or 
reactivation caused by immunodeficiency. This results in the development of symptomatic 
disease and the potential for transmission to a new host, initiating a new cycle of infection. 
(Adopted from Rahlwes et al., 2023).  
  
  
2.5 PREVALENCE OF TB AND MDR-TB   

Globally, TB stands as the second leading infectious cause of mortality, surpassing 

HIV and AIDS. In 2019, an estimated 10 million individuals were afflicted with TB, 

resulting in 1.41 million fatalities (Garrido-Cardenas et al., 2020). In 2022, 

approximately 10.6 million cases were reported globally, with 5.8 million affecting 

males and 3.5 million affecting females. Notably, 40% of individuals with drug-resistant 

tuberculosis sought medical treatment in 2022 (WHO, 2023).  

Since 1994, the WHO has consistently collected and analysed data on resistance to 

anti-TB medications worldwide. In 2021, there were around 450,000 reported cases of 

MDR or RR TB globally (WHO, 2022). The rise of MDR-TB strains and TB/HIV 

coinfection poses significant challenges in combating tuberculosis, particularly in low- 

and middle-income countries (Fukunaga et al., 2021). In 2019, over 500,000 new 
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cases of rifampicin-resistant TB were reported globally, with MDR-TB constituting 78% 

of these infections (Maphalle et al., 2022).  

The prevalence of resistance to INH or RIF in MTB isolates varies based on the 

economic status and geographical location of a country. In South Africa, the frequency 

of anti-TB drug resistance varies between regions. Studies in KwaZulu-Natal and the 

Free State reported a prevalence of less than 3%, while in Gauteng, Mpumalanga, 

Northwest, and Limpopo, frequencies exceeding 80% were observed. Moreover, the 

prevalence of RIF and INH-resistant MTB was less than 15% in 91% of studies in the 

Western Cape, KwaZulu Natal and Free State, but exceeded 60% in 9% of studies in 

Gauteng, Mpumalanga, Northwest, and Limpopo (Traoré et al., 2023).  

South Africa grapples with one of the most severe MDR-TB epidemics globally. Since 

2002, the prevalence of MDR-TB has surged fivefold, reaching 26,000 reported cases 

in 2013 (Niehaus et al., 2015). Economic status and geographical location within the 

country contribute to the variability in anti-TB resistance (Iqbal et al., 2020).  

  

2.6 RISK FACTORS ASSOCIATED WITH TB  

Multiple factors contribute to the global persistence of tuberculosis. Poverty crowded 

living conditions, and limited healthcare access all play a crucial role in the disease's 

spread (Srivastava et al., 2015). Furthermore, the complex interaction of biological 

components, such as malnutrition and co-infections, increases susceptibility to TB 

(Whittaker et al., 2019). As patients with weaker immune systems are especially 

vulnerable to TB infection and development, the HIV pandemic has become a major 

factor in aiding the spread of TB (Olivier and Luies, 2023). MDR-TB has emerged as 

a key problem in the fight against TB. Misuse of antimicrobial medications, inadequate 

treatment regimens, and a lack of healthcare infrastructure all contribute to the 

establishment and spread of drug-resistant bacteria (Salam et al., 2023). Furthermore, 

variables such as patients' failure to comply with treatment, insufficient diagnostic 

capacities, and problems in implementing effective public health initiatives impact the 

intricate dynamics of MDR-TB (Law, 2019).  
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2.6.1 TB/HIV CO-INFECTION   

TB and HIV/AIDS are the primary sources of infectious disease in nations with minimal 

resources. Within the individual host, the two infections, MTB, and HIV, mutually 

enhance each other, hastening the decline of immune functions and leading to early 

mortality if not treated (Bruchfeld et al., 2015). HIV coinfection is the predominant risk 

factor for developing active TB in areas with a high burden of the disease. This 

coinfection significantly enhances the vulnerability to both initial infection and 

reinfection with TB, as well as the chance of reactivating latent MTB infection in 

patients (Kwan and Ernst, 2011). An essential characteristic of immunosuppression in 

individuals with AIDS is the evident depletion of CD4+ T lymphocytes in the 

bloodstream, lymphoid organs, and mucosa. This depletion significantly contributes to 

the heightened susceptibility to developing active tuberculosis (Moir et al., 2011).  

  

2.6.2 TB RELATED STIGMA  

TB stigma is primarily driven by the perceived likelihood of TB-infected individuals 

transmitting the disease to susceptible members of the community (Huq et al., 2022). 

However, Tuberculosis is similarly susceptible to stigmatisation. in certain geographic 

regions because to its connections with HIV, poverty, poor social status, malnutrition, 

or disreputable conduct (Courtwright and Turner, 2010; Baral et al., 2007). The stigma 

associated with TB disproportionately affects women and individuals from financially 

deprived or less educated backgrounds. This is particularly worrisome because these 

groups are often more vulnerable to health inequalities. Hence, the stigma associated 

with TB has the potential to exacerbate existing health inequalities based on gender 

and social status (Courtwright and Turner, 2010).   

  

2.7 DIAGNOSIS   

There was widespread recognition of the need for a precise TB test to achieve 

substantial reductions in the global pandemic (Heemskerk et al., 2015). In general, 

despite some advancements in decreasing the global burden of TB, these efforts have 

not been enough to achieve the initial goal of the End TB Strategy (Huang et al., 2022).   
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2.7.1 MICROSCOPY   

Sputum smear microscopy continues to be a fundamental technique for detecting MTB 

in underdeveloped nations (Huang et al., 2022). The most common method used is 

acid-fast staining utilizing a carbol fuchsin solution. The cell wall of MTB, which 

contains a high amount of lipids, is resistant to decolorization when exposed to 

reagents that contain acid. This resistance allows acid-fast organisms to be observed 

under a microscope when examining smears made from sputum, alveolar lavage fluid, 

or other samples. Smear microscopy is primarily limited by its lack of sensitivity, which 

exhibits significant variation (ranging from 20% to 80%) among different research 

investigations (Steingart et al., 2007; Steingart et al., 2006).  

2.7.2 CULTURE  

Specimens can be cultured to facilitate the growth of MTB (Gordhan et al., 2021). The 

traditional MTB culture can be conducted using either a solid media, such as 

Lowenstein-Jensen, or a liquid medium, such as Middlebrook 7H9 (Huang et al., 

2022). Lowenstein-Jensen (L-J) media consists of egg proteins, salts, potato flour, and 

glycerol (Caulfield and Wengenack, 2016). Solid culture is more cost-effective and less 

susceptible to contamination by other bacteria compared to liquid culture. However, 

liquid culture offers the advantages of faster growth, increased sensitivity, and easier 

automatic detection of growth (Rageade et al., 2014; Chien et al., 2000).  

  

2.7.3 PHENOTYPIC DRUG SUSCEPTIBILITY TESTING   

Drug susceptibility testing (DST) for MTB is often performed following the isolation of 

a culture from a clinical specimen. The process is time-consuming, involving the initial 

isolation of a culture followed by the subsequent performance of DST (Siddiqi et al., 

2012).   

  

2.7.4 MOLECULAR DIAGNOSES   

A. GENXPERT/MTB/RIF  

Xpert MTB/RIF (Cepheid) is an automated molecular test that is widely used globally 

for diagnosing TB by detecting the presence of MTB and resistance to RIF directly 

from clinical specimens. The method relies on a hemi-nested real-time polymerase 
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chain reaction (PCR) assay to amplify a particular sequence of the rpoB gene that is 

unique to MTB, it is then hybridized with five molecular beacon probes (Venter et al., 

2017; Ochang et al., 2016). Every probe targets a distinct sequence and is marked 

with a fluorescent dye (Nguyen et al., 2019). The Xpert MTB/RIF test has a sensitivity 

of 99.8% for cases that are positive on both smear and culture tests, and a sensitivity 

of 90.2% for cases that are negative on smear but positive on culture. The predicted 

specificity of a single direct MTB/RIF test is 99.2% (Boehme et al., 2010). The assay 

has a short turnaround time of 2-3 hours.  

  

B. LINE PROBE ASSAY (LPA)  

Line probe assay (LPA) can identify TB DNA and genetic mutations linked to anti-TB 

drug resistance, following the process of DNA extraction and PCR amplification 

(Krishnakumariamma et al., 2020). LPAs are extremely precise and yield outcomes 

within a five-hour timeframe (Nathavitharana et al., 2017). The LPA technique utilizes 

reverse hybridization of DNA on a clearly readable test strip to detect specific DNA 

sequences linked to resistance against first-line TB treatments (RIF and INH) as well 

as some second-line drugs (second-line injectable therapies and fluoroquinolones) 

(Mäkinen et al., 2006). The current WHO guidelines suggest using GenoType 

MTBDRplus and GenoType MTBDRsl, both developed by Hain LifeScience GmbH in 

Germany, for initial drug-resistance testing on sputum smear-positive samples (WHO, 

2020).  

  

C. LOOP-MEDIATED ISOTHERMAL AMPLIFICATION   

Loop-Mediated Isothermal Amplification (LAMP) is a PCR amplification technology that 

operates at a constant temperature and utilizes an auto-cycling strand displacement 

reaction. This reaction specifically targets six areas of the 16S rRNA and gyrB genes. 

TB-LAMP is a nucleic acid amplification approach that is simple, quick, specific, and 

cost-effective. It does not require advanced laboratory equipment and may be 

performed in local settings (Iwamoto et al., 2003). Presently, the WHO suggests using 

the TB-LAMP assay as a possible substitute for smear microscopy, pointing to its 

enhanced diagnostic capabilities (WHO, 2016a).  
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D. NEXT-GENERATION SEQUENCING   
Next-generation sequencing (NGS) is regarded as a highly promising technique for 

conducting DST of TB. It offers significantly faster findings compared to traditional 

phenotypic culture-based testing (Lee and Pai, 2017; Walker et al., 2015). WHO has 

released guidelines for the utilization of NGS technologies in identifying genetic 

changes linked to drug resistance in the MTB complex (WHO, 2018a). NGS can offer 

comprehensive and precise sequence data for entire genomes through the utilization 

of whole-genome sequencing or sequencing of multiple gene regions.  

E. ALLPLEX™/ANYPLEX™  

Seegene possesses two exceptional technologies in the field of PCR: dual priming 

oligonucleotide (DPO™) technology and Tagging Oligonucleotide Cleavage and 

Extension (TOCE™) technology. DPO™ is an essential technique for preventing the 

elongation of templates that are not appropriately primed. It enables the creation and 

advancement of assays with extremely high specificity. The robustness and practicality 

of DPO™ technology can be effectively integrated into several molecular diagnostic 

systems, including multiplexed molecular assays and assays designed for the 

identification of point mutations. TOCE™ is an innovative technology that provides 

real-time reading by analysing the melting temperature. Previously, the analysis of 

melting temperature has been limited by various inherent constraints, such as 

restricted probe design, limited ability to perform broad and efficient multiplexing, and 

high sensitivity of melting temperatures caused by sequence variation at the probe 

site. The TOCE™ technology addresses these constraints by offering improved 

multiplexing capabilities, enhancing the adaptability of probe design, delivering a 

readout that is unaffected by variations in target sequence, and ensuring compatibility 

across different platforms. The simultaneous real-time detection of numerous point 

mutations with excellent specificity is achieved by combining DPO™ and TOCE™ 

technologies (Allplex™, Seegene, Seoul, South Korea).  

F. MASSARRAY  

The MassArray system utilizes MALDI-TOF mass spectrometry as its foundation. The 

PCR-amplified product was combined with SNP sequence-specific extension primers 

to elongate by 1 base at the SNP location. The produced sample analytes are 

subsequently co-crystallized with the chip's matrix. The crystal is inserted into the 

vacuum tube of the mass spectrometer and subsequently stimulated by a brief 
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nanosecond (10-9 s) laser pulse. The matrix molecules absorb energy from radiation, 

leading to the accumulation of energy and the rapid generation of heat, which causes 

the sublimation of the matrix crystals. Nucleic acid molecules undergo desorption and 

convert into metastable ions, with most of the produced ions being single-charged 

ions. The individual ions acquire equal kinetic energy in the acceleration field and are 

subsequently separated based on their mass-to-charge ratio in the non-electric field 

drift zone. The ion's velocity increases as its mass decreases, resulting in a quicker 

arrival at the detector (Ellis and Ong, 2017; Busó. and Iborra, 2016).  

  

2.8 TREATMENT OF TB AND MDR-TB   
The WHO recommends a set of standardized treatment regimens for TB that consist 

of 4 important medicines (Table 2.1) referred to as "first line" drugs.  

Table 2.1: First-line anti-TB medications and the mechanisms involved (Adapted from: 
Palomino and Martin, 2014).  

Drug  Mechanism Involved  Reference  

Isoniazid  Catalase/peroxidase, 
enoyl reductase  

Hazbón et al., 2006  

Rifampicin  RNA polymerase  Caws et al., 2006; Somoskovi, et al., 
2001; Ramaswamy and Musser, 1998.  

Pyrazinamide  Pyrazinamidase; ribosomal protein   

Ethambutol  Arabinosyl transferase  Ando et al., 2011. 

  

  

The goal of MDR-TB treatment is to recover the patient while preventing MDR-TB 

transmission to others (Jang and Chung, 2020). WHO established recommendations 

for DR-TB care in 2006. These recommendations were updated in 2011. The updated 

guidelines include early RR detection and a combination of four powerful drugs, 

including PZA, an injectable antibiotic, and a more advanced fluoroquinolone, for 

patients with MDR-TB (WHO, 2011). The revised 2016 WHO guidelines advised 
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MDRTB treatment regimens with at least 4 powerful TB medications, including 

pyrazinamide and four other second-line TB drugs. The treatment approach should 

comprise fluoroquinolone, an injectable medication, EMB or prothionamide, PZA, and 

cycloserine or para-aminosalicylic acid (WHO, 2016b). In 2019, WHO revised and 

updated the consolidated guidelines. The guidelines encompass a novel 

pharmacological categorization and instructions for constructing treatment plans 

(Chakaya et al., 2021) (Table 2.2).  

  

Table 2.2: Medication classification for multidrug-resistant TB in 2019 (Adapted from: Chakaya 
et al., 2021; Jang and Chung, 2020).  

Group  Medicine   Step  

A  Levofloxacin or moxifloxacin  
Bedaquiline  
Linezolid  

Include all three medicines (unless they 
cannot be used)  

B  Clofazimine  
Cycloserine or terizidone  

Add one or both medicines (unless they 
cannot be used)  

C  Ethambutol  Add to complete a four to five regimen 
when medicines from group A and B  

  

Delamanid  
Pyrazinamide  
Imipenem-cilastatin or meropenem  
Amikacin or streptomycin   
Ethionamide or prothionamide  
Para-aminosalicylic acid  

  

cannot be used  

  

  

  

2.9 DRUG RESISTANCE TUBERCULOSIS   

Since the first anti-TB medicine was discovered, drug resistance in MTB has been 

identified as a biological phenomenon (Seung et al., 2015). TB treatment for and 

control have been complicated by DR-TB (Maggi et al., 1966). MTB acquires drug 

resistance by the occurrence of spontaneous genetic changes that reduce the 

bacterium's susceptibility to commonly used anti-TB medications. These genes can 

produce drug targets or drug metabolism pathways, which can impact the 

effectiveness of anti-TB therapy (Palomino and Martin, 2014).  
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2.9.1 MECHANISM OF RESISTANCE  

Drug resistance is a significant barrier to the treatment of tuberculosis and creates a 

concern for worldwide public health and pharmaceuticals (Drobniewski et al., 2013). 

Drug resistance may develop in one of two ways: primary resistance or secondary 

resistance (WHO, 2014). Primary resistance is formed due to the exposure and 

infection of patients with a drug-resistant strain (Allué-Guardia et al., 2021). Secondary 

resistance or acquired resistance in TB patients is brought on by drug malabsorption, 

an inadequate regimen, and poor treatment adherence (Lange et al., 2019). The 

development of drug resistance in MTB is facilitated by several mechanisms, including 

target mimicry, efflux pumps, drug degradation and modification, and phenotypic drug 

tolerance (Singh et al., 2020) as shown in Figure 2.2. 

  

  

  

Figure 2.2: Illustrates the pathways of drug resistance in MTB (Adopted from Singh et al., 2020)  

  

A. IMPERMEABILITY OF CELL ENVELOPE  

The distinctive lipid structure and composition of mycobacterial cell envelopes play a 

role in their ability to cause disease and withstand the effects of drugs (Nguyen, 2016). 

The mycobacterial cell envelope consists of three distinct components: the capsule, 
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the cell wall, and the cell membrane (Nasiruddin et al., 2017). The outer capsule 

consists mainly of proteins, glucan, and a small amount of lipids. The cellular barrier is 

composed of an external mycomembrane (MM), an arabinogalactan (AG) layer, and an 

internal peptidoglycan structure. The structure of MM is composed of two leaflets: an 

outer leaflet consisting of lipids such as phospholipids, trehalose mycolates, 

glycopeptidolipids, and lipoglycans, and an inner leaflet composed of long-chain 

mycolic acids (Nguyen, 2016). The mycolic acid-arabinogalactan-PG polymer creates 

a hydrophobic layer when combined with other lipids and the cytoplasmic membrane. 

The periplasmic space serves as a protective barrier for cells, shielding them from 

external stress and functioning as a barrier against the penetration of antibiotics 

(Nguyen, 2016).   

2.9.2 ACQUIRED DRUG RESISTANCE  

Bacteria typically develop antibiotic resistance by genetic alterations. Drug resistance 

in MTB generally arises from mutations occurring in the chromosome, particularly in 

genes that encode drug targets or drug-activating enzymes. These mutations are a 

direct response to the selective pressure exerted by antibiotics (Von Wintersdorff et 

al., 2016; Culyba et al., 2015).  

  

2.10 TYPES OF DRUG RESISTANCE  

2.10.1 MONO RESISTANCE TUBERCULOSIS  

Mono-resistance refers to the condition where an individual is resistant to only one 

first-line anti-TB treatment.  

A. RIFAMPICIN RESISTANT TUBERCULOSIS   

RR-TB is characterized by resistance to the initial anti-tuberculosis medicine 

rifampicin. This type of TB can be detected using genotypic or phenotypic methods. 

(Prasad et al., 2018). Research sectors are giving greater attention to mechanisms of 

RIF resistance, which is still the most often used anti-TB drug in the treatment of 

tuberculosis (Murray et al., 2015). As a result of long-term RIF therapy, RR has grown 

to be a significant issue for the management of tuberculosis. The occurrence of a 

mutation in rpoB, which is the beta subunit of DNA-directed RNA polymerase in MTB, 
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is well recognised as a primary factor contributing to RIF resistance (Kumar and Jena, 

2014).  

B. ISONIAZID RESISTANCE  

INH is an antimicrobial agent employed in the management of tuberculosis. INH is a 

crucial primary anti-TB drug due to its ability to kill bacteria in the early stages of 

infection. Nevertheless, resistance to INH, either on its own or in conjunction with other 

medications, currently represents the most prevalent form of resistance to 

antituberculosis treatments (Jhun and Koh 2020).   

  

2.10.2 MULTI-DRUG RESISTANT TUBERCULOSIS   

MDR-TB refers to MTB strains that are resistant to both INH and RIF (Malenfant and 

Brewer, 2021). Even though resistance to RIF is mostly caused by one gene, 

resistance to INH is typically caused by mutations in either the katG or the inhA 

promoter genes, although high-level INH resistance is often the result of katG 

mutations and does not cause cross-resistance with any other known TB medications 

(Vilchèze and Jacobs, 2007). Low level of resistance to INH is caused by inhA 

promoter and gives high-level cross-resistance to ethionamide, a second-line drug 

utilized in most MDR- and XDR-TB regimens (Sandgren et al., 2009; Guo et al., 2006; 

Morlock et al.,2003; Banerjee et al.,1994).   

  

2.11 GENES INVOLVED IN MUTATION.  

2.11.1 RPOB  

RIF specifically targets the protein rpoB. The enzyme rpoB facilitates the conversion 

of DNA into mRNA by utilising the four ribonucleoside triphosphates as its substrate. 

RIF inhibits the elongation of messenger RNA in M. tuberculosis by binding with the 

rpoB-encoded -subunit of the RNA polymerase. This prevents transcription (Piccaro et 

al., 2014; Carlos and Martin, 2013). rpoB has a gene length of 3519 base pairs, and 

mutations in rpoB can result in conformational alterations resulting in RIF resistance 

(Telenti et al., 1993). The "hot-spot region" (of 81 bp), often referred to as the "RIF-

resistance determining region" (RRDR), which covers codons 507-533 of the rpoB 

gene, is where 96% of RIF-resistance occurs (Ramaswamy et al., 2003). Multiple 
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studies have reported that RIF-resistant isolates most frequently had mutations in 

codons 516, 526, and 531 (Thirumurugan et al., 2015; Ocheretina et al., 2014).  

  

2.11.2 KATG AND INHA   

The primary cause of INH resistance in MTB is mutations in the genes katG and inhA. 

KatG molecular weight is 80,572.8 Da and a gene length of 2,223 bp, whereas InhA 

has a molecular weight of 28,527.8 Da and a gene length of 810 bp. The gene katG 

produces multipurpose enzymes with catalase-peroxidase and peroxynitritase activity, 

the former of which is crucial for prodrug activation and the latter of which is connected 

to pathways which includes oxygen intermediates and reactive nitrogen (Zhang et al., 

1992).  
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CHAPTER 3  

METHODOLOGY  

3.1 ETHICAL CLEARANCE   

This study is part of a South African Medical Council (SAMRC) funded project, and it 

has been ethically reviewed and approved by the ethical research committee of the 

University of Venda (SMNS/20/MBY/13: Appendix 1). Permission has been granted 

from the Limpopo Provincial Department of Health (LP_2021-11-001: Appendix 2) to 

access different health care facilities. Permission was also granted from the Vhembe 

District Municipality (Appendix 3) and the health care facilities selected in the study. 

Before enrolling in the study, all participants were given a consent form to sign 

(Appendix 4). Participants' rights were considered, and they had the right to withdraw 

without prejudice.  

  

3.2 STUDY SITE   

This study was conducted in the health care facilities located in Vhembe region of  

Limpopo province, South Africa. Vhembe has a total of 5 hospitals and 100 clinics. The 

clinics and hospitals visited include: Mhinga clinic (1), Phiphidi (9), Siloam clinic (2), 

Tshilidzini clinic (2), Mpheni clinic (1), Watervaal clinic (3), Donald frazer (2), Tshilidzini 

hospital (1), Mbokoto clinic (2), Tswinga clinic (3), Malamulele hospital (1),  

Thohoyandou clinic (1), Lwamondo clinic (3), Tshakuma clinic (1), Magwedzhe clinic 

(7), Malamulele clinic (3), William Edie  clinic (7), Mphambu clinic (1) and Tshilidzini 

Tshedza (1).  
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Figure 3.1: Vhembe district municipality located in Limpopo, South Africa   

  

3.3 SAMPLE COLLECTION   
A total of 50 sputum samples were obtained from a pool of sputum samples collected 

from individuals over the age of 18 who were both hospitalized and outpatients. A 

consent form was signed, and questionnaire was answered (Appendix 5). When 

collecting sputum specimens, patients were provided explicit instructions. Patients 

took samples outside in the open air or in a private spot away from other people and 

samples were not collected in confined spaces such as toilets. The patients were 

advised to rinse their mouths with water before collecting sputum, but not brush their 

teeth and coughed hard to expectorate sputum into the container containing 5ml of 4% 

NaOH (Sigma, St Louis, MI, USA). A sputum sample of 3-5mL was collected from each 

patient and stored at 2-8°C. Further analyses were performed within 3 days of 

collection. HIV Test (Humor Diagnostica, Johannesburg, Gauteng, RSA) was done for 

all participants.  

  

3.4 PRE-TREATMENT OF SPUTUM SAMPLES  

The samples were Incubated for 15min at room temperature, then 1.5ml was 

transferred to a new sterile tube and centrifuged (Advanced Multi-Purpose Clinical 
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Centrifuge E-C6-4.100CP, World of Science, Pretoria, RSA) at 15,000 x g for 5min. 

The supernatant was discarded then 1ml of 1X PBS solution (Sigma) was added and 

mixed well before centrifuging at 15,000 x g for 5min and the supernatant was 

discarded using a pipette. A 1ml of 1X PBS solution was added and mixed well before 

centrifugation at 15,000 x g for 5min and then discarding the supernatant (AllplexTM, 

Seegene, Seoul, South Korea).   

  

3.5 EXTRACTION OF DNA AND DETECTION OF SPUTUM SAMPLES  
A volume of 1 mL sterile water were added to the prepared sediment and centrifuged 

for 5min at 15,000 x g before discarding the supernatant. The sediment was vortexed 

(Vortex V1 plus; Boeco, Hamburg, Germany) for 30s after adding 100μL of DNA 

Extraction  

Solution and 10μL of internal control.  It is further placed on heat block for 20min, The 

sample was centrifuged at 15,000 x g for 5min then 5μL of the supernatant was used 

as PCR template (AllplexTM, Seegene, Seoul, South Korea).  

  

3.6 ANYPLEX™ MTB/ NTM DETECTION  

The AnyplexTM MTB/NTM Real-time Detection (V2.0) method relies on two key steps: 

the extraction of nucleic acid and the amplification of target nucleic acid utilizing Dual 

Priming Oligonucleotide (DPO) primers with a real-time PCR machinery.  

The sputum was obtained using the Automated Nucleic Acid Extraction System 

(NIMBUS and STARlet). To the specimen, an equal amount of NALC-NaOH solution 

(consisting of 2% NaOH, 1.47% trisodium citrate, and 0.5% NALC) was added. The 

mixture was then vortexed for 1 minute. It was then incubated at room temperature for 

15min. A volume of 1ml was transferred to a sterile tube and centrifuged for 5 minutes 

at a speed of 15,000 x g. The supernatant was discarded, followed by addition of 

450μL Lysis Buffer to the pellet and ensuring that it was mixed well. the tube was then 

cap-locked and boiled on a heat block for 5min.   
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3.7 ALLPLEX™ MTB/MDR-TB DETECTION  

Allplex was used to detect MDR-TB according to the manufacturer’s instructions 

(AllplexTM, Seegene, South Korea). Allplex™ MTB/MDR/XDRe Detection is a multiplex 

real-time PCR assay that permits simultaneous amplification and detection of target 

sequences of Mycobacterium tuberculosis (MTB), 7 Isoniazid (INH) resistancecausing 

mutations [katG S315I(ATC), S315N(AAC), S315T(ACC), S315T(ACA), inhA promoter 

-15(T), -8(A), -8(C)], 18 Rifampicin (RIF) resistance-causing mutations [rpoB 

L511P(CCG), Q513K(AAA), Q513L(CTA), Q513P(CCA), 3 amino acid-deletion in 

513~516, D516V(GTC), D516Y (TAC), S522L(TTG), S522Q(CAG), H526C(TGC), 

H526D(GAC), H526L(CTC), H526N(AAC), H526R(CGC), H526Y(TAC), S531L(TTG), 

S531W(TGG), L533P(CCG)], 7 fluoroquinolone (FQ) resistance causing mutations  

[gyrA A90V(GTG), S91P(CCG), D94A(GCC), D94G(GGC), D94H(CAC), D94N(AAC), 

D94Y(TAC)], 6 injectable drug resistance-causing mutations [rrs 1401(G), 1402(T), 

1484(T), eis promoter -37(T), -14(T), -10(A)], and Internal Control (IC) (AllplexTM, 

Seegene, South Korea).  

  

3.8 GENOTYPING OF MDR-TB SAMPLES USING MASSARRAY® ASSAY 
TECHNIQUE   
The MassArray technology was used to locate and detect MTB resistant gene mutation 

locations. anti-tuberculosis drugs and associated gene resistance loci. Two 

simultaneous PCR reaction systems were used. The HPLC system was used to inject 

0.8μL of H2O, 0.5μL of 10XPCR buffer containing 20mM MgCl2, 0.4μL of 25mM 

MgCl2, and an unspecified volume of 25mM dNTP. Combine 0.1 microliters of a 0.5 

micromolar primer mix. The system comprised 1 microliter (μL) of PCR enzyme, 0.2 

μL of template DNA, and 2 μL of template DNA, resulting in a total volume of 5 μL. The 

reaction system was heated to 95°C and maintained at this temperature for 2 minutes. 

It was then subjected to a sequence of temperature changes: 95°C for 30 seconds, 

followed by a decrease to 60°C for 30 seconds, and then an increase to 72°C for 60 

seconds. This cycle was repeated 45 times. Finally, the system was held at 72°C for 5 

minutes and then cooled to 4°C. 2 microliters of shrimp alkaline phosphatase (SAP) 

were added to each well. The mixture was incubated at 37°C for 40 minutes, then 

heated to 85°C for 5 minutes, and finally kept at 4°C. To each well, 2μL of iPLEX 
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extension mix (nanopure water 0.62μL, buffer 0.2μL, termination mix 0.2μL, primer mix 

0.94μL, and enzyme 0.04μL, Agena  

Bioscience, San Diego, CA) was added. The reaction time was 95°C for 30s, 95°C for 

5s, (52°C for 5s, 80°C for 5s, for 5 cycles), this was done for 40 cycles, 72°C for 3min, 

hold at 4°C.  

The analysis was then completed at the Inqaba Biotechnical Industries (Pty) Ltd 

utilizing a high-throughput MassArray equipment. Typer 4.0 and plate manager 1.0 

software were used to evaluate the data. Test findings quality was categorized as 

NoAlleles, Low Probability, Aggressive, Moderate, and Conservative.  

  

3.7 STATISTICAL ANALYSIS  

All data obtained were captured on excel spreadsheet and simple descriptive analyses 

were conducted. Chi square (R studio) was used which compares the measured 

values to the anticipated values. This test statistic is utilized to ascertain the statistical 

significance of the disparity between the observed and expected values.  
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CHAPTER 4  

RESULTS AND DISCUSSION  

  

The primary objective of this study was to investigate the prevalence of MDR-TB drug 

and associated risk factors among patients in the Vhembe region (Limpopo, South 

Africa). This study comprised of 50 patients who were diagnosed with TB from various 

healthcare facilities in the Vhembe district, this included both inpatients and 

outpatients.   

  

4.1  SOCIO-DEMOGRAPHICS DATA OF THE STUDY POPULATION  

The patient demographics, as outlined in the study (Table 4.1), reveal a gender 

distribution of 60% (30/50) males and 40% (20/50) females. The overall age of the 

participants was between 18 to 80 years of age. Notably, age groups of (18-35) and 

(46-60) each accounted for more than 25%, while (36-45) and (61-80) constituted less 

than 25% of the total. In terms of educational background, 52% (26/50) of participants 

had completed secondary education, while primary and tertiary education were 

reported by 40% (20/50), and 8% (4/50) had no formal education.   

Regarding employment status, 60% (30/50) of the participants were not employed, 

while 32% (16 /50) were either employed or self-employed. Additionally, 8% (4/50) 

classified themselves as students. Family size distribution indicated that over 62% of 

participants had between 5 to 9 family members, while 38% (19/50) had 0 to 4 family 

members. In terms of religion, 80% (40/50) of patients identified with Christianity, while 

20% (10/50) followed other religions. These demographic details provide a 

comprehensive overview of the participant characteristics in the study. High 

significance level of association was shown on education level (p=0.01), occupation 

(p=0.003), religion (p=0.0001), and family size (p=0.002).  
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Table 4.1: This table provides a detailed breakdown of the demographic composition of the 
TB patient population under study, offering insights into key factors such as gender, age, 

education, employment, family size, and religious preferences.  

  

 
  

Gender  
  
  

  

Male 
Female  

  
60%  
40%  

  
-  
-  

  
Age (years)  

  
  

 18-35  
36-45  
46-60  
61-80  

 26%  
24%  
30%  
20%  

 0.32  
0.40  
0.20  
0.06  

  
Education level  

 Primary  
High school level  
University level  
No education  

 20%  
52%  
20%  
8%  

 0.06  
0.01  
0.06  
1.0  

  
Occupation  

  
  

 Unemployed  
Employed  

Self-employed  
Student  

 60%  
16%  
16%  
8%  

 0.003  
0.92  
0.92  
1.0  

  
Family size  

  
  

   
0-4  
5-9  

   
38%  
62%  

   
0.07  

0.002  

  
Religion  

  
   

 Christianity  
African 

Other  
Atheist  

 80%  
14%  
4%  
2%  

 0.0001  
1.0  
1.0  
1.0  

             

  

  

  

  

  
  

Category    Variables   n=50 (100%)   p - value   
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4.2  SOCIAL BEHAVIORS, CULTURAL FACTORS, AND STIGMA AMONG 
THE TB PATIENTS   

In this study factors surrounding the culture, behaviours and stigma surrounding TB 

are outlined in Table 4.2. About 12% (6/50) with TB consulted a traditional healer for 

treatment, 10% (5/50) of them got remedy from the traditional healer, the other 2% 

(1/50) did not receive any remedy. In this study 44% (22/50) of the participants 

consulted health care facilities within 1-3 weeks of illness, 56% (28/50) accounts for 

consulting after 3 weeks of illness.   

Out of the TB patients who took part, 80% (44/50) were administered the BGC 

vaccination. It was discovered that 88% (49/50) of the individuals did not undergo 

tuberculin skin testing. Majority of the participants, 94% (47/50) shared their TB status 

to their family, and 92% (46/50) of them informed their families within 1-7 days. where 

90% (45/50) got family support during the treatment process. It was also found that 

46% (23/50) of the participants also shared their TB status to their colleagues, and 

42% (21/50) of them got support from colleagues.  About 24% (12/50) of the 

participants were previously diagnosed with latent or active TB.   

In the current study 50% (25/50) of the participants share bedrooms with family 

members. Participants that use public transport were about 62% (31/50).  Majority of 

the participants, 74% (37/50) wear protective masks. The participants that had family 

members which were previously diagnosed with TB were found to be 24% (12/50). 

The participants that mostly spend their time on dusty areas were 72% (36/50). High 

significance level of association was shown on time taken to consult healthcare centre 

(p=0.03), family support (p=0.0001), using public transport (p=0.002), sharing room 

with family member (p=0.01), wearing protective mask (p=0.0004), and spending time 

in a dusty area (p=0.0006).  
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Table 4.2: Provides a social behaviours, cultural factors, and stigma among the TB patients, 
categorizing the questions based on different aspects of the individual's experience related to 

TB.  

 
  

Have you ever consulted a traditional healer?  
  

Yes  
No  

   
12%  
88%  

  
1.0  

  
Did the traditional healer give you medicine?  

  

  
Yes  
No  
N/A  

   
10% 
2%  
88%  

  
1.0  

  
After how long did you take to go to the health care 

centre for consultation?  
  

  
≤Three weeks  
≥Three weeks  

  44%  
56%  

  
0.03  

  
Have you ever had a vaccine to prevent TB    

Yes  
No  

   
88%  
12%  

  
4.66  

  
Have you ever had a positive/reactive TB skin Test?    

Yes,   
No  

   
2%  
98%  

  
1.0  

  
When you tested positive for TB, did you tell your 

family?  

  
Yes  
No  

   
94%  
6%  

  
1.69  

  
  
  

How long did you take to tell them?  
  

  
  

≤ A week 
≥Two weeks 
and greater  

N/A  

   
  

92%  
2%  
6%  

  
  
  

2.37  
  

  
  

Does your family seem to be supportive?  

  
Yes  
No  
N/A  

    
90%  
 6%  
 4%  

  
  

0.0001  

  
Did you inform your colleagues at work, community 

members or friends after testing positive for TB?  

  
Yes  
No  

   
46%  
54%  

  
0.02  

  
Do they seem to be supportive in terms of encouraging 

you to go to the health care centres?  

  
Yes  
No  
N/A  

   
42% 
4%  
54%  

  
0.04  

  
Have you ever been treated for either latent or active 

TB?  

  
Yes  
No  

   
24%  
76%  

  
0.40  

  
  

Sharing a room with a family member   
  

Yes  
No  

   
50%  
50%  

  

  
0.01  

Category   Variable   n=50 (100%)   p - value   
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What kind of transport do you use the most?  
  

  
Public 

transport  
Own car Walk  

  
62%  
10%  
28%  

  
  

0.002  

  
Do you wear protective mask?  

  
Yes  
No  

  
74%  
26%  

  
0.0004  

  
Family member with TB?  

  
Yes  
No  

  
24%  
76%  

  
0.4  

  
Spend time in dusty area?  

  
Yes  
No  

  
72%  

         28%  

  
0.0006  

  

  

4.3  CO-MORBIDITIES AMONG THE TB PATIENTS  

Patients who were diagnosed with TB also had co-morbidities. These includes 64% 

(32/50) of the participants who were positive for HIV, hypertension 8% (4/50), asthma 

4% (2/50), followed by 2% (1/50) with ulcer and 2% (1/50) with diabetes.   

  

Table 4.3: Presents the prevalence of co-morbidities among patients diagnosed with 
tuberculosis (TB). The percentages indicate the proportion of participants with specific co-

morbid conditions, including HIV, hypertension, ulcer, diabetes, and asthma.  

 
 HIV  Yes, 64%  0.10  

No, 36%  

 Hypertension  Yes, 8%  1.0  
No, 92%  

 Ulcer  Yes, 2%  1.0  
No, 98%  

 Diabetes  Yes, 2%  1.0  
No, 98%  

 Asthma  Yes, 4%  1.0  
No, 96%  

  

  

Co - morbidity   n=50 (100%)   p - value   
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4.4  PREVALENCE OF MTB INFECTION, OTHER INFECTIONS AND MDR  

The graph below (Figure 4.1) shows the results of Anyplex/Allplex and co-infections. 

Out of the 50 participants recruited the prevalence of MTB (Mycobacterium 

tuberculosis) and MTB+NTM (Mycobacterium tuberculosis + non-tuberculous 

mycobacterium) showed 36% (18/50) prevalence. Furthermore, 36% (18/50) MTB and 

MTB+NTM, 11.11% (2/18) were found to be drug resistant (1 Rifampicin resistant and 

1 Isoniazid resistant) and both were females. Moreover, 10% (5/50) of the samples 

were undetectable and the Allplex showed that the remaining participants had NTM 

54% (27/50).  Overall, 4% (2/50) had drug resistance. High prevalence of HIV, 64% 

(32/50) was also found of which 40% (20/50) were male while 24% (12/50) were 

female.  

  

 

Figure 4.1: Displaying different infections from TB patients. MTB (Mycobacterium 

tuberculosis), MTB+NTM (Mycobacterium tuberculosis + non-tuberculous Mycobacterium), 
HIV (human immunodeficiency virus).  
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4.5  DETECTION OF MTB DRUG RESISTANT GENES USING 
MASSARRAY DNA MASS SPECTROMETRY  

Moreover , 11.11% (2/18) drug resistant samples (RIF, INH) were further sequenced 

using massArray mass spectrometry to detect the mutations in the katG, inhA, and 

rpoB genes. No mutations were identified in any of these genes, independent of the 

presence of drug resistance as determined by the Allplex multiplex PCR test. 

  

Table 4.5:  It shows SNPs that was targeted from MassArray to detect the mutation  

SNPS ANALYSED  REFERENCE ALTERNATIVE PATIENT 1  PATIENT 2  
 ALLELE  ALLELE   (INH-R)  (RIF-R)  
INHA_1674481  T  G   -  A  
RPO_B_761110  A  G   -  T  
RPOB_761155  C  T   -    
KAT_G_2155168  C  G   -    

  

  

4.6  ASSOCIATION OF TB, DRUG RESISTANCE TB AND RISK FACTORS 
TO RESISTANCE  

The table below (Table 4.6) shows the risk factors associated with resistance TB 

versus non-resistance TB and the significance level. High significance level of 

association was shown on region, consulting a traditional healer, wearing a protective 

mask, occupation and sharing a room with family members.  
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Table 4.6: Socio-Demographics status, Social Behaviours, Cultural Factors, and Stigma among 
the TB Patients in Vhembe, South Africa  

  
Risk factors   Resistant TB Non-resistant 

TB 

p-value 

Gender Male 

Female 

 

2  

30 

18 

 

0.41 

Age 18-35 

36-45 

46-60 

61-80 

2  11 

12 

15 

10 

1 

Education level Primary 

High school level 

University level 

No education 

 

1  

1  

 

10  

25 

9 

4 

 

0.04 

1 

Occupation Unemployed 

Employed 

Self-employed 

Student 

1  

 

 

1  

29  

8 

8 

3  

0.01 

 

 

1 

Family size 

(members) 

0-4 

5-9 

 

2  

19 

29 

 

0.02 

Religion Christianity 

African 

other 

Atheist  

2  

 

38 

7 

2 

1 

0.002 

Consulted traditional 

healer? 

Yes 

No 

 

2  

 

6 

42 

 

0.00057 

Remedy from 

traditional healer? 

Yes 

No 

 

 

5 

1 
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N/A N/A            42 

Time taken to consult 

health-care facilities? 

≤Three weeks 

≥Three weeks 

1  

1  

21  

27 

0.11 

0.02 

Vaccine to prevent 

TB? 

Yes 

No 

2  42 

6 

0.00057 

Sharing TB status with 

family members? 

Yes 

No 

2  45 

3 

0.0002 

Time taken to share 

TB status with family? 

≤ A week 

≥Two weeks and 

greater 

N/A 

2  44 

1 

3 

0.00029 

Support from family? Yes 

No 

N/A 

2  43 

3 

2 

0.0004 

Sharing TB status with 

community members? 

Yes 

No 

N/A 

 

2  

23 

25 

 

 

0.08 

Support to consult 

health care centers? 

Yes 

No 

N/A 

 

 

N/A 

21 

2 

25 

 

Previously treated for 

active or latent TB? 

Yes 

No 

 

2  

12 

36 

 

0.003 

Sharing a room with 

family member? 

Yes 

No 

2  23 

25 

0.13 

Mode of transport Public transport 

Own car 

Walk 

2  29 

5 

14 

0.02 

Do you wear 

protective face mask? 

Yes 

No 

1  

1  

36 

12 

0.003 

0.7 
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Family member with 

TB? 

Yes 

No 

 

2  

12 

36 

 

0.003 

Spend time in dusty 

area? 

Yes 

No 

1  

1  

35 

13 

0.002 

0.66 
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4.7  DISCUSSION  

The global control of TB has made significant progress in recent years. However, the 

widespread occurrence of multi-drug resistant tuberculosis (MDR-TB) remains a 

significant obstacle to effectively managing TB worldwide (Mancuso et al., 2023). A set 

of 50 sputum specimens were collected from confirmed TB patients receiving care in 

different healthcare facilities situated in the Vhembe district of Limpopo, South Africa. 

The demographic distribution is noteworthy, where 60% (30/50) of the study 

participants were male, aligning with trends observed in a study by Hertz and 

Schneider (2019). This gender distribution may be explained by occupational factors, 

highlighting the increased engagement of men in outdoor pursuits, such as mining, in 

contrast to women who predominantly engage in indoor activities.  

The evident patterns of behaviour, notably higher prevalence rates of smoking and 

alcohol consumption among men, have been identified as contributing factors to an 

elevated risk of TB (Morojele et al., 2021). Societal norms and expectations may 

further influence men, potentially leading to a postponement in seeking medical 

attention, consequently resulting in delayed TB diagnosis and initiation of treatment 

(Krishnan et al., 2014).   

However, the present study observed a higher propensity for females to develop 

resistance compared to males, although statistical evidence supporting this 

association was not deemed significant. This finding contrasts with the research 

conducted by Surkova et al. (2012) and Salari et al. (2023), wherein a substantially 

higher prevalence of MDR-TB was identified in males as opposed to females.    

In the current study, participants within the age cohorts of 18–35, 36-45 and 46–60, 

each category had higher prevalence exceeding 25%. Remarkably, our study identified 

a higher prevalence in the demographic surrounding those below the age of 45, in 

contrast to the observations made by Olmo-Fontánez and Turner (2022), who 

identified an increased susceptibility to TB among individuals aged 65 and above. This 

variance may be attributed to the prevalence of risk behaviours, notably substance 

abuse, alcohol consumption, and smoking, prevalent among the younger age groups. 

The immunosuppressive effects of substances such as cocaine and 

methamphetamines, as well as the detrimental impact of smoking on the immune 

system, can compromise the body's ability to combat infections, including 
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Mycobacterium tuberculosis (MTB), the causative agent of tuberculosis (TB). 

Smoking-induced damage to the mucociliary clearance system and the respiratory 

epithelium further facilitates the evasion of TB bacteria from the body's defence 

mechanisms, enabling infection in the respiratory tract.  

The current study revealed that individuals with drug-resistant tuberculosis (DR-TB) 

fell within the age range of 18-35, although there was no statistically significant 

evidence supporting this association. Particularly, young individuals, who are often 

engaged in high-risk activities, have been shown to exhibit poor medication adherence 

(Du et al., 2020). This lack of adherence may be influenced by the above-mentioned 

behaviours, contributing to the complex association of factors influencing TB 

prevalence within this demographic. Addressing TB risk in young populations requires 

a better understanding of the interconnections between high-risk behaviours, immune 

system function, and medication adherence to inform targeted public health 

interventions.   

The present study found that 88% (44/50) of the participants had received Bacillus 

Calmette-Guérin (BCG) vaccination during childhood. Furthermore, individuals with 

strains exhibiting resistance had a history of BCG vaccination. BCG has been 

administered sporadically in South Africa since the early 1950s, primarily to schoolage 

children (Hesseling et al., 2009). Since 1973, the BCG vaccine has been administered 

to all newborn children universally, with a significantly high rate of coverage. Thus, it 

is highly possible that South African individuals below the age of 45 have been 

administered the BCG vaccine, which includes a significant portion of our healthcare 

workforce. However, Martinez et al. (2022) reported that the efficacy of BCG 

immunization is most pronounced in children under the age of five, with diminishing 

effectiveness as individuals age. Notably, our findings align with this observation, 

suggesting that BCG may confer reduced protection in adulthood. To address this, 

Martinez et al. (2022) propose booster shots for individuals aged 10 and above, 

emphasizing the need for supplementary immunization strategies to enhance the 

vaccine's effectiveness in older age groups.  

The study cohort revealed that 52% of participants had achieved a secondary 

education level, deviating from Przybylski et al. (2014) findings, which indicated a 

higher incidence of TB among those with lower educational attainment (64.9%). 

Moreover, the present study identified participants with drug-resistant TB as having 
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attained a secondary education level, with one individual being a university student. 

While possessing a particular educational level does not guarantee immunity against 

TB, as the disease is evident across diverse educational backgrounds. Nevertheless, 

it is anticipated that individuals with higher education levels often exhibit better 

awareness and health literacy (Davis et al., 2020). They are more likely to be informed 

about TB, its symptoms, and the significance of prompt medical attention and 

prevention. This increased awareness can contribute to swifter diagnosis and 

treatment initiation, thereby reducing overall TB prevalence.  

Education can influence health-related behaviours. Individuals with higher educational 

levels are more inclined to adopt healthy lifestyles, including steering clear of 

behaviours such as smoking and excessive alcohol consumption, which are linked to 

an elevated risk of TB (Cutler and Lleras-Muney, 2010). Despite South Africa 

introducing subjects such as life orientation (LO) learning area as the main platform 

for imparting health education and including information about TB in schools, in 

accordance with the Department of Basic Education's National Strategic Plan; the full 

benefits are perhaps not being realized. A study conducted by George et al. (2018) 

uncovers obstacles in the implementation of LO. Their results indicate that the 

implementation and delivery of LO are not being carried out to their fullest potential, 

due to limitations at multiple levels, including the individual, interpersonal, school, 

district, and community levels. Furthermore, the scarcity of resources worsens the 

inconsistencies in educational standards between schools that have sufficient 

resources and those that lack resources.   

The study found that almost 60% (30/50) of participants were without employment. 

These findings are consistent with the results made by Przybylski et al. (2014), who 

discovered that a substantial number (54%) of TB patients were without employment, 

frequently accompanied by a greater occurrence of smoking and alcohol misuse, 

which in turn led to interruptions in treatment. Unemployment might result in 

heightened involvement in high-risk activities, such as smoking and alcohol misuse 

(Henkel, 2011). Research has indicated that unemployed individuals may be more 

susceptible to these behaviours, which might compromise the immune system and 

increase the likelihood of contracting TB (Przybylski et al., 2014; Henkel, 2011).   

Unemployed individuals frequently encounter financial difficulties, resulting in 

substandard housing, overcrowding, and poor diet (Chamie et al., 2023). These 



49  
   

variables facilitate the spread of TB and can contribute to the development of latent 

TB infection into active disease. Unemployment frequently correlates with heightened 

levels of stress and mental health concerns (Paul and Moser, 2009). Persistent stress 

can weaken the immune system, rendering patients more vulnerable to illnesses, such 

as TB. Moreover, mental health issues can be a factor in patients not following their 

TB treatment plans (Acevedo et al., 2020). Unemployment is associated with other 

social factors that influence health, including poverty and social inequality. These 

factors contribute to the development of circumstances that promote the transmission 

of TB and impede the implementation of efficient TB control strategies (Adu et al., 

2021; Bhargava et al., 2021). Moreover, in this study, among the participants 

diagnosed with DR-TB, one individual was unemployed, the above reasons might have 

contributed to the development of drug resistance.   

  

Ninety percent (45/50) of the participants received family support during their TB 

treatment, indicating a positive aspect of their care. Notably, Hertz and Schneider 

(2019) conducted a study on family support training, revealing a significant 

improvement after a 5-week training period. Given the time-intensive nature of TB 

therapy and the necessity for patient commitment to completing the treatment course, 

family support plays a crucial role in this process, as emphasized in previous research 

(Chen et al., 2020; Ajzen, 1991). In contrast, 54% (27/50) of the patients chose not to 

disclose their TB diagnosis to colleagues, citing concerns related to stigma. 

Misconceptions about TB, often rooted in a lack of knowledge and the misconception 

that TB is incurable or solely associated with HIV, contribute to such stigma (Cremers 

et al., 2015; Chang and Cataldo, 2014). Both individuals with DR-TB revealed their 

health status to family members, and during the treatment period, they received 

support from their families.  

Additionally, half of the participants (25/50) share bedrooms with family members, 

presenting a potential risk for the transmission of TB within households. Family 

members spending more time near an active TB patient are at increased risk (Eom et 

al., 2018). Karbito et al. (2022) conducted a study on the tracing of family members of 

active TB patients, reporting that 63.8% of these family members had latent TB 

infection. Sharing a room with an active TB patient poses an elevated risk of latent TB 

progressing to active TB, particularly due to prolonged exposure to the same air within 
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the confined space (Eom et al., 2018). Furthermore, participants diagnosed with DRTB 

avoid shared habitation with family members, thus diminishing the likelihood of both 

transmission and acquisition of DR-TB.  

The present study reveals that approximately 62% of participants utilize public 

transportation. A study conducted by Zamudio et al. (2015) reported a slightly lower 

figure of 53% in their participant cohort. Public transportation networks have been 

identified as potential sources of TB transmission, with the risk escalating 

proportionally with exposure time, as noted by Edelson and Phypers (2011). Notably, 

individuals infected with TB may transmit the infection to fellow passengers, 

particularly if proper protective measures, such as wearing masks, are not observed. 

Interestingly, most of the participants in the current study (76%) reported wearing 

protective masks. Nevertheless, one participant with DR-TB did not adhere to the 

practice of wearing a mask. The utilization of protective masks has been shown to 

decrease the risk of DR-TB infection transmission, as evidenced by a study conducted 

by Dharmadhikari et al. (2012), which reported a 56% reduction in transmission when 

individuals wore protective masks.   

The current study showed that 74% of participants spend time in dusty areas. One of 

the participants with DR-TB also frequently engages in activities within dusty 

environments. In contrast, research by Alavi et al. (2014) suggests that soil dust may 

not significantly influence the prevalence of TB but could impact treatment processes, 

potentially leading to treatment failure and the development of MDR-TB.   

Patients with TB also had co-morbidities such as HIV, diabetes, asthma, ulcer, and 

hypertension. There was a high prevalence (64%) of HIV positive compared to other 

co-morbidities . HIV is a major risk factor that leads to progression of active TB among 

the patients with TB (Gray and Cohn, 2013). Study conducted in Ethiopia by Belay et 

al. (2015) found 40.4% of TB patients were co-infected with HIV. TB/HIV coinfection 

enhances a patient's susceptibility to both primary infection reinfection and reactivation 

latent TB (Kwan and Ernst, 2011).  

Co-infection of TB and HIV has been recognized as a substantial risk factor for both 

illnesses. People with HIV are more vulnerable to TB due to the compromised immune 

system induced by the HIV virus (Pawlowski et al, 2012). On the other hand, TB 

infection can also expedite the advancement of HIV to acquired immunodeficiency 

syndrome (Bhatt et al., 2023). The interaction between TB and HIV results in a 



51  
   

combined impact, causing more severe health outcomes compared to when either 

infection occurs alone (Kwan and Ernst, 2011). TB is a significant contributor to illness 

and death in individuals with HIV, HIV infection plays a significant role in the worldwide 

TB crisis (Konstantinidis et al., 2023). The management of TB/HIV co-infection 

normally involves a complete strategy that incorporates antiretroviral therapy (ART) to 

regulate HIV, in addition to suitable anti-TB medication (Pooranagangadevi and 

Padmapriyadarsini, 2022). Rapid identification and concurrent treatment of both 

illnesses are crucial for enhancing results and easing the overall impact of TB and HIV 

on affected persons and communities (Bruchfeld et al., 2015). Public health plans 

frequently prioritize integrated measures to tackle TB and HIV as interrelated health 

issues.  

In 2019, South Africa had one of the highest rates of TB among countries, with an 

incidence of 615 cases per 100,000 inhabitants (Conan et al., 2022). In 2017, a 

nationwide assessment on the prevalence of TB revealed an overall TB prevalence 

rate of 737 cases per 100,000 people, thus confirming the significant burden of TB. 

The current study 18% (9 /50) of the participants were positive for MTB.  

Non-tuberculous mycobacteria (NTM) are found in the environment and have the 

ability to infect individuals with weakened immune systems as well as those with 

normal immune systems. However, they are less likely to cause disease compared to 

MTB (Sharma and Upadhyay, 2020). In the current study a total of 54% of the 

participants were infected with NTM. NTM species have been implicated in the 

development of lung diseases in humans, according to recent epidemiological 

research (Gopalaswamy et al., 2020).  Distinguishing between MTB and NTM species 

in clinical samples poses a considerable difficulty and is frequently deceptive since 

both MTB and NTMs exhibit positive results in the traditional smear acid-fast staining 

technique. Consequently, the prevalence of NTM has been inaccurately assessed in 

numerous areas where TB is widespread (Gopalaswamy et al., 2020). The 

implementation of Xpert MTB/RIF has significantly transformed TB diagnosis in low-

income and middle-income nations, facilitating prompt commencement of treatment 

and strategies for infection control (Cummings and Schluger, 2018).  

The rising prevalence of NTM infections poses a significant global public health risk  

(Donohue and Wymer, 2016; Thomson and Laboratory, 2010). NTM often exhibit 

resistance to first line anti-tuberculosis medications. Cases involving co-infections of 
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MTB and NTM may be misdiagnosed as MDR-TB (Huang et al., 2022). In the current 

study 18% (9/50) MTB+NTM co-infection.  

In the current study 2% (1/50) of the samples was detected with rifampicin resistance 

(RR), this resistance may occur independently or in combination with resistance to 

other medications used to treat TB. In 2019, around 465,000 people worldwide 

contracted RR-TB (Lecai et al., 2021). The development of resistance to RIF in MTB 

is mostly due to mutations occurring in the rifampicin resistance-determining region  

(RRDR) of the RNA polymerase β subunit (rpoB) gene (Somoskovi et al., 2001). These 

alterations disrupt the interaction between RIF and the enzyme, reducing the drug's 

efficacy in suppressing bacterial activity (Traoré et al., 2023). The WHO endorsed the 

Xpert MTB/RIF assay as the primary diagnostic test for TB in December 2010 (WHO, 

2020). Global guidelines typically advocate for utilization of MDR-TB treatment 

protocols for individuals who are diagnosed with RR-TB (Chakaya et al., 2021; Migliori 

et al., 2018; Turnbull et al., 2017)   

Furthermore 2% (1/50) of the sample were detected to have isoniazid (INH) resistance, 

INH is an antimicrobial agent employed in the management of TB (Bansal et al., 2018). 

The resistance to INH seems to be more complex and has been associated with 

several genes, particularly katG and the inhA promoter area. KatG is a multifunctional 

enzyme that acts as both a catalase and a peroxidase. This gene mutation is 

responsible for the DR-TB particularly to INH (Krewall et al., 2020). The presence of 

S315T mutations in the katG gene results in decreased activation of INH, hence 

diminishing the efficacy of the medication in eradicating MTB (Unissa et al., 2016).  

Genotyping was performed on the DNA samples of two drug-resistant participants in 

this investigation. However, the genotyping of patient 1's DNA sample in Table 4.5 was 

unsuccessful, while two single nucleotide polymorphisms (SNPs) were successfully 

genotyped from patient 2. This difference can be related to insufficient DNA 

amplification. Subsequent analysis of drug-resistant samples using mass-array 

genotyping indicated the absence of mutations on the two SNPs. This observation 

suggests the potential involvement of other SNPs within the gene in the development 

of resistance.  
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CHAPTER 5  
CONCLUSION, LIMITATIONS AND RECOMMENDATIONS  

  

5.1 CONCLUSION  

The main objective of this study was to determine the prevalence of drug resistant 

Tuberculosis (TB) amongst TB patients in the Vhembe district. This was achieved by 

looking at a set of secondary objectives.   

In the 1st secondary objective set to determine the common risk factors associated 

with drug resistance TB, a survey was used. The results obtained indicate the following 

risk factors showed high level of significance association: educational level, 

occupation, religion, dusty area, wearing protective mask and family support.  

In the 2nd secondary objective set to determine the prevalence of drug resistance using 

Allplex™ Multiplex PCR protocol. The samples were subjected to Anyplex™ to 

determine the presence of TB and then TB positive samples were further analysed 

with Allplex™ to determine drug-resistant TB. Out of the TB samples analysed 18 

(36%) were found to be positive for TB. Furthermore, 2 (4%) were found to have drug 

resistant (MDR).   

In the 3rd secondary objective set to determine MTB mutation, the mutation status of 

genotypes conferring resistance for INH and RIF were determined using MassArray 

technique. For Patient 1, there was no detection observed, while in patient 2, no 

mutations were detected.     

In conclusion, MTB is an opportunistic pathogen that relies on the immune system 

being weak, therefore the current study found that majority of the people who engaged 

in activities that are likely to cause immune system suppression were at more risk of 

developing TB, such as men doing outdoor activities. Young people are more at risk 

of developing TB and DR-TB. Most of the participants were educated. Early diagnosis 

of drug resistance is necessary to effectively manage patients in considering the 

emergence and global spread of MDR-TB.   
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5.2  LIMITATIONS  

The current study was limited to the age group of above 18 therefore we cannot 

confidently report on effectiveness of BCG vaccine children below 18. Furthermore, 

the present study questionnaire did not include smoking and alcohol behaviour which 

would fore tell the higher prevalence of TB amongst men. Questionnaire did not include 

initial date of treatment.   

  

5.3  RECOMMENDATIONS   

Execute public awareness initiatives to enlighten the population about TB, its mode of 

transmission, and the significance of timely identification and treatment. Highlight the 

importance of adhering to the entire prescribed treatment regimen to avoid the 

emergence of drug resistance. Allocate resources towards enhancing diagnostic 

capacities, specifically by ensuring the widespread availability and easy accessibility 

of speedy and precise TB tests. Prompt and precise diagnosis is essential to promptly 

begin suitable therapy, minimizing the likelihood of developing MDR-TB. Engage in 

cooperation with transportation authorities to execute strategies that mitigate the 

potential for TB transmission on public transit. These measures may involve 

advocating for increased air circulation, implementing strict mask mandates, and 

regularly evaluating the health of public transportation employees. Enhance contact 

tracing initiatives to detect and evaluate persons who might have been into touch with 

MDR-TB. This is especially crucial in domestic environments where the likelihood of 

transmission is heightened.  
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