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ABSTRACT  

 

Drug resistant tuberculosis (DR-TB) is a considerable barrier to ending TB globally. 

In Namibia, the burden of DR-TB, among new and previously treated TB patients is 

estimated at 3.3% and 18% respectively. The study aimed to determine predictors and 

patterns of treatment success rates (TSR) among patients with DR-TB in Namibia, to 

inform national TB program and guidelines. A nationwide case-control study of 

predictors of DR-TB TSR utilized patient data in the national TB register over 5 years 

period (201-2019). The data on treatment outcomes, patient socio-demographic, 

clinical and treatment, and TB programme covariates were analysed in SPSS v22. TSR 

patterns and crude predictors were determined using descriptive and univariate 

analysis respectively. Adjusted odd ratios (aOR) (adjusted for the confounders abuse 

of alcohol and time to treatment) were determined to identify independent predictors 

of TSR in DR-TB, using multivariate logistic regression. Of the 1494 analysed record 

56.3% (n=841) were for males, the mean age was 35.6±14.2 years, and 8.3% had HIV 

coinfection. The overall TSR was 66.5% (n=994). Prevalent adverse drug reactions 

(ADRs) were ototoxicity/tinnitus (n=1.8%, 27), vomiting (0.6 %, n=9), 0.4% for joint 

pains and peripheral neuropathy, 3% for renal impairment, visual disturbance and skin 

rash. The independent socio-demographic predictors of treatment success were female 

sex (aOR=0.6, 95%CI:0.34, 0.89; p=0.015), young age <5 years (aOR=0.1, 

95%CI:0.0007, 0.421; p=0.005) and 5-14years (aOR=0.0, 95%CI:0.002,0.269; 

p=0.002), and Namibian citizenship (aOR=0.3; 95%CI: 0.089,0.961; p=0.043). 

Clinical predictors were; baseline mono-resistance (aOR=7.6, 95%CI:1.427,40.631; 

p=0.018), and bilateral pulmonary forms (aOR=0.2, 95%CI:0.057,0.498; p=0.001). 

Whilst TSRs have improved, they remain below global targets and vary by type, 

regions and patient populations. There is need to individualize DR-TB treatment with 

targeted at males, older patients, expats, baseline resistance to more than one drug and 

bilateral pulmonary disease administer using a community-based Directly Observed 

Treatment (DOTS) approach. 
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1. INTRODUCTION 

1.1 Background 

Approximately 10 million cases of tuberculosis (TB) were reported worldwide in 

2019, majority being reported in South-East Asia (44%), Africa (25%) and the Western 

Pacific (18%) World Health Organization (WHO) regions (1). With an estimated 1.408 

million deaths during 2019, tuberculosis (TB) is the tenth leading cause of death 

globally, and the leading cause of death from a single infectious agent that is curable 

and preventable (1,2).  TB and its main driver, Human immunodeficiency 

virus/acquired immune deficiency syndrome (HIV/AIDS), co-exist as public health 

concerns in Namibia with 35% of patients notified with TB were co-infected with the 

human immunodeficiency virus (HIV) (3). The Namibian Ministry of Health and 

Social Services (MoHSS) reported 8,108 incident cases of TB in 2018, making the 

country one of the worst affected by TB in the world, (3). 

 

The emergence and spread of drug resistant strains of the Mycobacterium tuberculosis, 

the bacteria responsible for TB infection, poses a major hurdle in ending TB globally. 

Globally, about half a million new cases of rifampicin-resistant TB (RR-TB) were 

reported in 2019, of these cases, 78% had multi-drug resistant TB (MDR-TB) i.e. 

resistance to isoniazid and rifampicin with or without resistance to other medicines, 

and therefore, require treatment with a second-line drug (1–3). Multi-drug 

resistant/rifampicin-resistant tuberculosis (MDR/RR-TB) accounted for an estimated 

3.4% of new TB cases and 18% of previously treated cases globally in both 2019 and 

2020 (1,2). Of the reported cases, India (27%), China (14%) and the Russian 

Federation (9%) accounted for almost half of the world’s burden of MDR-TB (1,2). 

Drug resistance surveillance data show that an estimated 214,000 people died from 
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MDR/RR-TB worldwide in 2018 (1,2). The rate of DR-TB infection in Namibia is 

high and the 2015/16 anti-TB drug resistance survey (DRS) showed the prevalence 

among new patients to be 3.9% and  8.7% among those previously treated (3). Notably, 

the number of DR-TB cases increased from the 126 cases reported in 2007 to 328 cases 

notified in 2018, the highest number of notified cases to date was 417 cases reported 

during 2017 (3).  

 

Although, the global target TB treatment success rate (TSR) is 90%, the latest 

treatment outcome data show that drug susceptible TB cases to be was 85% in 2017 

and lower for MDR-TB cases at only 56% (2). The latest treatment outcome data for 

people with MDR/RR-TB show a slight increase in the global treatment success rate 

of 57% (1). Only 7 of the 30 high TB burden countries reached a 75% TSR in their 

2016 cohorts (2). In 2016, Namibia reported 88% TSR among drug susceptible TB 

cases, and 74% for MDR-TB cases for the 2014 cohort (2,3). This reflects high rates 

of loss to follow-up, unevaluated treatment outcomes as well as treatment failure (2). 

Whilst improving in some countries, MDR/RR-TB TSR around the world remains 

unacceptably low; the wider use of more effective current evidence-based treatment 

regimens, and usage of more patient-centered models of care, are expected to improve 

TSRs (2).  

 

Although, improving DR-TB treatment outcomes is one of the five priority actions 

recommended by WHO to address the global crisis, the literature has revealed that 

predictors of treatment outcomes for MDR-TB patients are diverse and vary according 

to the context (4,5). This suggests that approaches aimed at addressing low TSRs 

among DR-TB patients need to be tailored to each setting. It is known that low TSRs 
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in DR-TB patients may be attributed to several factors including patients’ difficulty in 

adhering to their prescribed treatment regimens, patient’s low body mass index (BMI), 

as a result of severe or serious treatment-related adverse effects, as well as disease-

related sequelae (5–8). Studies have used varying definitions of outcomes, including 

mortality, relapse, MDR-TB status, and a combination of treatment failure, as well as 

treatment interruption or death (5). The literature has shown differences in predictors 

of treatment outcomes worldwide even among countries on the same continent; 

therefore, these predictors could also be different in Namibia. According to previous 

studies, a positive smear at the start of treatment, HIV co-infection, as well as diabetes 

mellitus have been found to be predictors of unsuccessful MDR-TB treatment 

outcomes (5,8,9). A 2014 South African study, however, showed contradictory 

findings that positive baseline smear and HIV infections were not associated with 

unsuccessful treatment outcomes (10). Factors predicting treatment success among 

patients with MDR-TB, that may influence TSRs, have however not been well studied 

in the Namibian context. 

 

1.2 Statement of the problem 

The emergence of drug-resistant TB, including MDR-TB, in Namibia and globally 

threatens efforts aimed at addressing the crisis. Its treatment remains a challenge, with 

DR-TB being significantly more difficult to treat than drug-susceptible TB, due to the 

fact that it requires the use of more expensive, less effective second-line drugs, with 

poor side effect profiles as well as longer treatment durations (11). Namibia has high 

burden of DR-TB, which is associated with poor treatment outcomes (12). Despite 

major efforts made, Namibia’s TB control programme like many other programmes 
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globally, has performed below the WHO target to stop TB worldwide having achieved 

only 74% of MDR-TB cases cured or completing treatment (13).  

 

The factors that influence the treatment outcomes in DR-TB patients are not well 

studied (12). It is however known that by identifying the socio-demographic and 

clinical factors associated with successful treatment outcomes, more effective 

strategies for the control of DR-TB can be developed (14). There are limited studies 

on DR‐TB treatment outcomes in resource‐constrained settings with high DR‐TB‐

burden like Namibia (15). Factors predicting successful treatment outcomes among 

DR-TB patients in Namibia are unknown, these might contribute to the reduction in 

unsuccessful treatment success rates and drug resistant variants of TB becoming most 

prevalent if necessary corrective measures are employed (16). This study, therefore, 

aimed to identify predictors of successful treatment outcomes among DR-TB cases. 

 

1.3 Study objectives 

1.3.1 Main objective 

To determine the predictors of successful treatment outcomes among DR-TB patients 

in Namibia. 

 

1.3.2 Specific objectives  

(i) To determine socio-demographic predictors of treatment success among 

patients with DR-TB n Namibia. 

(ii) To identify clinical predictors of treatment success among patients with 

DR-TB in Namibia. 
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(iii) To identify medication-related predictors of treatment success among DR-

TB patients in Namibia. 

(iv) To summarize programme-related predictors of treatment success among 

DR-TB patients in Namibia. 

 

1.4 Significance of the study 

This study provides insight into the factors influencing treatment outcomes among 

DR-TB patients, including clinical, social-demographic as well as medication-related 

factors. Due to the reason that DR-TB infection occurs mainly as a result of 

unsuccessful treatment modalities, treatment non-adherence, quality of medicines as 

well as infection control practices; knowing the predictors of treatment success will 

inform new strategies geared towards addressing currently low TSR (74%) (3). Hence, 

knowledge generated in this study will contribute to the limited body of knowledge as 

well as inform strategies aimed at addressing drivers of poor outcomes, and improving 

treatment success among DR-TB patients. It is therefore of importance to study the 

factors that predict treatment success among DR-TB patients, as this knowledge can 

guide healthcare providers and policy makers in developing more effective and 

targeted strategies to achieve increased treatment success (cure and treatment 

completion) in Namibia. 

 

1.5 Limitation of the study 

The results of this record based pivotal study should be interpreted with the following 

anticipated limitations. Despite the national electronic TB register of Namibia, e-TB 

manager, being an integrated database from the mandatory registration of TB cases, 

the study only includes records of patients whose information were recorded onto the 
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e-TB manager database, thus findings may not be a reflection of all DR-TB patients in 

Namibia. Moreover, due to the retrospective nature of the study, some outcome and/or 

variable data - including treatment regimen for more than half of the patients - were 

missing. In addition to this, pharmacokinetic parameters and genetic variability were 

not studied because the study is record-based.  

 

1.6 Delimitation of the study 

The study provides a nation-wide dataset in a high TB burden country over a 

significant time period (2004-2017) to overcome the limitation of DR-TB patients not 

captured on register. Moreover, missing data were excluded from the analysis, to 

overcome the missing data study limitation. The current study looked at clinical 

factors, treatment regimens and medication-related factors, as well as programmatic 

factors across the patient records studied and based on findings, and sought to make 

recommendations for future studies relating to pharmacokinetics and genetic 

variability. 
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2. LITERATURE REVIEW 

2.1 Search strategy 

A search was conducted in Google scholar as well as PubMed using the key words 

‘predictors’ AND ‘treatment’ AND ‘outcomes’ OR ‘success’ AND ‘drug resistant 

tuberculosis’ OR ‘DR-TB’ AND ‘patients’. The search was limited by language, 

English, with no time limitation up to June 2021. Reference lists from already retrieved 

articles were also hand-searched.  

 

2.2 Global burden of drug-resistant tuberculosis 

TB remains a major public health concern in many countries globally, and increasing 

levels of drug resistance and HIV co-infection are complicating the task of controlling 

the epidemic. WHO estimated the number of incident TB cases in 2019 to be 10 

million people globally, geographically most cases were in South-East Asia (44%), 

Africa (25%) and the Western Pacific (18%) (1). A total of 8,108 incident case of TB 

were reported in Namibia  in 2018 (3). 

 

An estimated half a million new cases of RR-TB, 78% of which were MDR-TB, were 

reported in 2019 (1,17). India (27%), China (14%) and the Russian Federation (9%) 

had the largest share of the global MDR-TB burden (1). About 3.3% of new TB cases 

and 17.7% of previously treated cases worldwide had MDR or RR-TB, the highest 

proportions (>50% in previously treated cases) in the Russian Federation (1). 

Treatment outcomes for MDR-TB patients are generally poor (57% globally in 2019) 

compared to those of drug-sensitive disease, this may be attributable to treatment for 

RR-TB and MDR-TB being longer, and requiring more expensive and toxic drugs 

(≥US$ 1000 per person) (1). Although Namibia maintained relatively higher treatment 
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success rates among new smear positive TB patients (88% in 2015), the TSR for 

patients with MDR-TB declined from 68% for patients started on treatment in 2012, 

to 64% for those started in 2015 (12). Treatment outcomes have not improved; this is 

despite an increase in case reporting as well as advances in detection of drug resistant 

TB by molecular testing (12).  

 

2.3 Socio-demographic predictors of successful treatment outcomes in DR-TB  

A study in Sudan showed that a history of smoking (aOR 4, 95% CI 1.2-13.2), living 

in rural areas (aOR 3.1, 95% CI 1.2-8.2, and a previous treatment failure (aOR 56.9, 

95% CI 10.2-319.2) were the predictors of MDR-TB infection (18). A study in 

Ethiopia  identified older age (>35 years) to be associated with poor treatment 

outcomes (5,19,20) while a Pakistani study older patients  (>44 years old) had a lesser 

likelihood of the predicting unsuccessful outcomes  (OR 0.25, 95%CI 0.08-0.83) . 

Other studies, including one in Malaysia (OR 1.0, 95%CI 1.01–1.02),   found no 

association between age and treatment success (21,22). An Ethiopian study revealed 

that as age increases, the hazards of unsuccessful treatment outcome increase; 1-year 

increase in age shortens the time to have a poor treatment outcome by 3% ; it was 

postulated that this may be explained by impairment of immune statuses of individuals 

with older age (20). A Kenyan study found females to be more likely to attain treatment 

success (OR 3.86, 95%CI 1.47-10.12) (23). While a Nigerian study found male sex as 

a predictor of treatment success (24). Liew and colleagues reported risk factors for 

unsuccessful treatment outcomes in a 2012 cohort in Malaysia to include older age, 

male sex, foreign citizenship, smoking, as well as lower education (5). Alcoholism/ 

alcohol abuse/misuse has also been identified as a predictor of unsuccessful TB 

treatment in several countries (5,8,19). In a recent Tanzanian study, it was asserted that 
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smoking was positively associated with MDR-TB mortality (9); while, a study in India 

identified it as a predictor of outcome in MDR-TB (25). In an Ethiopian systematic 

review and meta-analysis, older age was identified as a predictor of unsuccessful 

treatment outcome (20). Notably, a study carried out in Kenya found no association 

between age and successful treatment outcomes. A systematic review failed to identify 

any factor associated with treatment success which was attributed to the heterogeneity 

of the population included in the review (21,22). A Malaysian study identified foreign 

citizenship (OR 2.5, 95%CI 2.11–3.02) as a risk factor for poor treatment outcomes in 

drug resistant TB (5). A study carried out in Namibia among drug sensitive TB patients 

suggested that loss to follow up (LTFU) among expatriate patients might be due to 

cross border challenges faced by  patients requiring follow-up (26). 

 

2.4 Clinical predictors of successful treatment outcomes in DR-TB  

There are conflicting findings regarding clinical predictors of treatment success in DR-

TB patients. This includes the influence of negative and positive baseline sputum 

smear, HIV infection, low BMI as well as nutritional status on treatment outcomes 

(5,8,9,15,20). According to the literature, a negative baseline sputum smear and a 

history of multiple disease treatment predict successful treatment outcomes in MDR-

TB patients in Korea, Estonia, Latvia, Philippines, Russia, and Peru (8,9). The 

following were also identified as predictors of unfavourable outcomes; absence of a 

Bacille Calmette-Guérin (BCG) vaccination scar, previous anti-tuberculosis treatment, 

advanced chest radiography findings, MDR-TB, and extra-pulmonary TB (5). Other 

predictors of unsuccessful MDR-TB treatment outcomes include a positive smear at 

the start of treatment, HIV co-infection, as well as diabetes mellitus have been found 
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(5,8). The study in Pakistan found HIV-negative status increased the likelihood of 

successful treatment (OR 3.53, 95%CI 1.4-8.9) (23). A South African study however, 

showed contradictory findings including that positive baseline smear and HIV 

infection were not associated with unsuccessful treatment outcomes (10). A history of 

multiple disease treatment has been reported as risk factors for unsuccessful treatment 

outcomes amongst MDR-TB patients in Directly Observed Treatment - Short-course 

(DOTS)-plus projects (7).  

 

In a Tanzanian study, the presence of cavities in chest radiographs was negatively 

associated with MDR-TB mortality; while resistance to streptomycin and ethambutol 

were significantly associated with MDR-TB cure (7). Undergoing a surgical resection 

was found to be associated with successful treatment outcomes (9). A Pakistani study 

found that in order to achieve better treatment outcomes, MDR-TB patients require 

special attention  in the form of improved implementation of DOTS, better nutrition 

and socioeconomic conditions (19). In contrast however, cavitary disease was found 

to be a predictor of unsuccessful treatment outcomes by a Korean study (27). Low 

BMI (<18.5kg/m2) as well as hypoalbuminemia have been reported by a number of 

studies to predict unsuccessful MDR-TB treatment outcomes (5,8,9). Several studies 

found other predictors of poor treatment outcomes to be negative baseline sputum 

smear, low BMI <18.5 kg/m2 and hypoalbuminemia, time-to-initiate treatment 

following notification and diagnosis; HIV and diabetes mellitus comorbidities; 

positive smear at the start of treatment, absence of a BCG vaccination scar, other co-

morbidities, advanced chest radiography findings, extensive disease, MDR-TB, pre-
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XDR-TB, cor pulmonale, number of previous TB-treatments and extra-pulmonary TB 

(5,7–9,15,20).  

 

2.5 Medication-related predictors of successful treatment outcomes in DR-TB  

Early aggressive treatment comprising at least four effective drugs and surgical 

resection, when indicated, has been reported to improve the outcome for patients with 

MDR-TB or XDR-TB; the use of fluoroquinolones, or linezolid as well as 

individualized treatment were specifically outlined (9). Several other studies  found 

the following to be predictors of unsuccessful MDR-TB treatment outcomes; previous 

treatment with specific drugs including baseline resistance to key drugs like 

pyrazinamide and fluoroquinolones, resistance to specific drugs, and persistently 

positive cultures after three months of treatment (10). Moreover, the Tanzanian study 

found resistance to streptomycin and ethambutol to be significantly associated with 

MDR-TB cure (7). A positive sputum smear at two months of TB treatment, use of 

traditional medicine, interruption of treatment more than 14 days, and poor adherence 

to treatment were also associated with unsuccessful treatment outcome (9,28). Other 

predictors related to resistance to anti-TB drugs have also been reported a Ugandan 

study found ofloxacin resistance to be inversely influence MDRTB cure (19); while 

resistance to kanamycin is an independent risk factor for a poor outcome in a study 

carried out in Portugal (29) .In Pakistan the final predictors of unsuccessful interim 

treatment outcomes were reported to be ofloxacin resistance, above normal baseline 

serum creatinine levels, as well as culture positive result at second month of treatment 

(23). 
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2.6 Programme-related predictors of treatment outcomes among DR-TB patients 

A Malaysian study found out that treatment in tertiary settings to be a reported risk 

factors for unsuccessful treatment outcomes in MDR-TB patients (5). Additionally, 

Liew and colleagues have reported risk factors for unsuccessful treatment outcomes in 

Malaysia to include health care system factors, such as attending health centers in 

regional capitals, hospital referrals (5). Interestingly, receiving directly observed 

treatment was also reported as a risk factor for unsuccessful treatment outcomes in this 

population (5). Moreover, receiving any assistance from a TB program including 

financial, better patient TB knowledge, as well as higher level of trust and support 

from nurses and doctors were associated with more successful MDR-TB treatment 

outcomes when compared to those who did not (9).  

 

Earlier research mostly studied predictors of poor treatment success and risk factors of 

poor outcomes as opposed to predictors of successful treatment outcomes. Recent 

analysis suggests that predictors of treatment success vary in different countries and 

include factors such as treatment adherence, healthcare system factors, socio-

demographic, clinical, treatment-related and programme-related predict treatment 

outcomes in DR-TB in Low and Middle Income Countries (LMIC) with high TB 

burden (5,7,10,23,28). Drug-resistance continues to be a major global problem 

threatening efforts to eradicate tuberculosis. There are a number of varying factors that 

influence treatment success rates in DR-TB patients including socio-demographic, 

clinical, those related to treatment, .healthcare systems and programmes. Research 

studying predictors of treatment success is also scarce. 
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3. METHODOLOGY 

3.1 Research Design 

A retrospective case-control study was carried out to determine the predictors of 

treatment success among cohorts of DR-TB cases. Data was obtained from the national 

electronic TB register of tuberculosis patients in Namibia. The initial version on the 

register, ETR, implemented in 2007 was desktop based, it was replaced by the web-

based e-TB manager in 2011 (30). The e-TB manager, which integrates data from the 

mandatory registration of TB cases, is an information management tool developed by 

Management Sciences for Health (MSH). It integrates data across all aspects of TB 

control, including information on suspects, patients, medicines, laboratory testing, 

diagnosis, treatment, as well as outcome.  

 

The WHO standardized treatment outcomes was used to assign patient records to 

groups, namely cured, treatment completed, default, died, lost to follow-up, and 

treatment failure (31). Cases included records of DR-TB patients with unsuccessful 

treatment outcomes, while controls comprised of records of patient assigned successful 

treatment outcomes. Successful treatment outcomes included those allocated a 

treatment outcome of cured or treatment completed. Whilst unsuccessful treatment 

outcomes included records of those assigned as loss-to-follow-up, dead, defaulted or 

failed treatment. Clinical, treatment-regimen, medication, as well as programme- 

related data was extracted from cases and controls and analysed at two levels using 

bivariate and multivariate logistic regression to determine predictors of successful 

treatment outcomes.  
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3.2 Study population 

The study targeted all records of patients with DR-TB treated in Namibia and assigned 

treatment outcome status by the end of the study period. While the accessible 

population for this study were records of patients confirmed to have DR-TB and 

treatment outcome status on e-TB manager have been assigned by the time of study. 

The records captured on e-TB manager over five (5) year period between 2014 and 

2019, based on the previous medium-term plan for tuberculosis, were sourced. The 

second Medium Term Plan for Tuberculosis and Leprosy 2010-2015 (TBL MTP-II) 

was a systematic and progressive effort to address TB in Namibia, and was extended 

to end in 2016/17 in line with the national development plans (32). The study 

population was estimated to be 190 patient records comprising of 49 cases and  141 

control, based on the number of new DR-TB patients reported in the National 

Tuberculosis and Leprosy Programme Annual Report: 2015-2016 as well as the latest 

TSR being 74% (12). In addition, population level predictors assessed by the study 

include national HIV and other co-morbid conditions prevalence in DR-TB patients, 

ART (antiretroviral therapy) coverage, DOT coverage, and DR-TB treatment in 

Namibia. 

 

3.2.1 Inclusion criteria  

Records of patients that qualified to be included in the current study were those that   

were treated for DR-TB in Namibia during the study period. Moreover, the Namibia 

National Guidelines for the Management of Tuberculosis recommended treatment for 

DR-TB lasts between 18 to 24 months, hence treatment outcome status can only be 

evaluated from between two (2) to three (3) years after patient registration on the e-



15 

 

TB manager (3). Therefore, only 1494 records for which treatment outcomes status 

was assigned at the time of study were included in this study.  

 

3.2.2 Exclusion criteria  

The study excluded DR-TB patient records whose information has not been uploaded 

onto the Namibian national TB registry, e-TB manager. Records of patients who died 

before initiation of treatment and those who were initially diagnosed with DR-TB but 

were later found to have disease caused by Mycobacterium other than tuberculosis 

(MOTT) were also not be included in this study. 

 

3.3 Sample 

The study, being retrospective in nature, aimed to include all available data that met 

the inclusion criteria. The study provides a nation-wide dataset in a high TB burden 

country over a significant time period (20154-2019). In total a sample size of 1,494 

was obtained, the cases (records of patients with successful DR-TB treatment 

outcomes) and controls (records of DR-TB patients with unsuccessful treatment 

outcomes) obtained for the study were 994 and 500 respectively.  

 

3.4 Research Instruments  

The research instrument (Appendix C) that used to extract data for the study was 

adapted from the Drug-resistant Tuberculosis Patient Booklet in the 2019 Namibian 

national guidelines for the management of TB as well as e-TB manager retrievable 

data. In order to answer the research questions the research instruct included the 

following: the tool was organised into five sections: (A) socio-demographic data which 

captured age, sex, nationality, as well as town/city. Section B included clinical 
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information (i.e. disease and laboratory) such as comorbidities, TB disease 

classification and treatment history, current TB diagnosis data (including type of TB 

diagnosis, disease site, and type of drug resistance/pattern, the presence of cavities on 

chest x-rays, laboratory profile). While Section C titled - Medication-related factors 

included treatment side effects, treatment history, as well as additional treatment. 

Section D on – TB Treatment-regimen-related factors; such as treatment regimen, as 

well as any history of second-line anti-TB among other factors were captured. Lastly, 

Section E extracted – Programme-related factors including a socioeconomic 

assessment, DOTS options as well as family support. The research instrument was 

piloted using the six patient records for patients (3 cases and 3 controls) which were 

included in the final sample. In order to refine the data extraction tool, it was revealed 

by the pilot study that there were variables that were not captured by e-TB manager 

and were hence missing. This led to the editing of the data extraction tool, removing 

variables such as marital status and employment status. 

 

3.5 Procedure 

After obtaining permission to undertake the study, the principal investigator contacted 

the staff at the Tuberculosis and Leprosy Programme under the Directorate for Special 

Programmes in the Ministry of Health and Social Services to be granted access to the 

patient record. The data set with deidentified patient records (i.e. without patient 

identification numbers and names) was shared in Microsoft Excel®  format on a flash 

drive with the principal researcher in July 2020 after received permission to carry out 

the study from MoHSS. Thereafter, the data extraction tool was referred to as guidance 

to remove information not needed from the excel sheet. The data in the Excel sheet 

was then, checked for completeness, cleaned and coded for easier handling in 
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Microsoft Excel® by the researcher and the data was thereafter stored on the principal 

investigator’s password protected computer. During the coding, the records were 

assigned to cases and control category according their assigned treatment outcome. 

The Excel sheet was checked for completeness and consistency by both the principal 

researcher as well as the research supervisor before being imported into SPSS.  

 

3.6 Data analysis 

The primary outcomes of the study was to determine predictors of successful treatment 

outcomes among DR-TB patients. Analysis to determine the predictors of successful 

treatment outcomes among a population of DR-TB patients was therefore carried out, 

possible predicting factors for the success of treatment were assessed against this end. 

Based on findings from literature four categories of potential predictors were analysed 

in this study, including clinical, medication, treatment-regimen and programme-

related factors. The excel spreadsheet with the data set was transferred to Statistical 

Package for Social Sciences version 22 (SPSS) for analysis by the principal researcher, 

namely bivariate and multivariate logistic regression to determine factors predicting 

successful DR-TB treatment outcomes. Primary descriptive statistical analysis was 

carried out to describe the population under study. Thereafter, categorical data were 

summarised as frequencies and percentages, and differences between groups 

compared using Pearson’s chi-square, where appropriate. While continuous data was 

summarized as mean and standard deviation if normally distributed, or median and 

interquartile range if skewed. Furthermore, clinical, medication, treatment-regimen 

and programme-related predictors of successful DR-TB treatment was determined by 

two levels namely, bivariate analysis and multivariate logistic regression. The 

univariate model was performed using controls, i.e. records of patients with 
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unsuccessful treatment outcomes, as the reference category for the model. While 

groups that had less than 5 cases were analysed using Fisher’s exact test. Bivariate 

analysis was done by Pearson’s chi-square for categorical data to determine significant 

clinical-, medication-, treatment regimen- and programme-related factors associated 

with successful or unsuccessful outcomes using crude odd ratios (cOR). The fore 

mentioned significant factors were included in multivariate logistic regression to 

identify the independent predictors of DR-TB treatment success using adjusted odds 

ratios  (aOR), adjusted for confounders for treatment outcomes. To control 

associations between variables, a multivariate regression was performed on variables 

with chi-squared P-value <0.05. The predictors of treatment success are presented as 

odds ratio (aOR) with a 95% Confidence Interval and at a significance level of (α) set 

at 0.05. The possible confounders in this study were: abuse of alcohol and time to 

treatment. For all statistical tests, the level of significance (alpha) was set at <0.05. 

 

3.7 Reliability and validity 

The researcher piloted the data collection tool in July 2020 using three cases and three 

controls and confirm that the research instrument was able to extract the required data 

and answer the research question by addressing the study objectives. The 6 records 

used during the pilot study were also included in the final analysis. The records used 

during the piloting exercise were obtained from e-TB manager with permission from 

the Directorate for Special Programmes in the Ministry of Health and Social Services. 

The tool was also shared with experts in the field, particularly staff from the TB and 

leprosy programme in the MoHSS, for scrutiny. Furthermore, face validation of 

collected data was conducted together with the research supervisor and an expert in 

tuberculosis. 
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4. ETHICAL CONSIDERATIONS 

Although the current study did not directly deal with patients, because it studied 

secondary records of patients, a waiver for need for consent and permission to carry 

out study was obtained from the Ministry of Health and Social Services, permission 

letter dated 17th July 2020 Ref: 18/3/3 VNN (Appendix B). In addition, ethical 

clearance to carry out this study dated 29th June 2020 was obtained from the University 

of Namibia Research Ethics Committee Ethical Clearance Reference Number: H-G 

CAMPUS /565/2020 (Appendix A).  

 

Due to the reason that patient records are confidential documents that need to 

safeguarded, the dataset was received anonymised (i.e. without patient identification 

numbers and names) in a Microsoft Excel® spreadsheet on a flash drive from MoHSS. 

This data was kept anonymous and confidential, as well as only accessible by the 

principal investigator. Data was thereafter extracted, cleaned and coded over a one 

week period in July 2020. Furthermore, after extracting data as per the research tool 

(Appendix C) the study data were kept anonymous, and confidentiality was 

maintained by assigning codes generated by SPSS and being stored securely on a 

password-protected computer which was accessible only by principal investigator. The 

data received from the MoHSS were only to be used for the purposes of this study. 

Lastly, the study did not pose any harm to patients and no human subject were directly 

engaged in carrying out of this record-based study or any recommendations based on 

its findings. Notably, findings from this study hope to advise the Namibian TB and 

Leprosy programme within the MoHSS in order to develop future strategies targeted 

to improve treatment outcomes among DR-TB patients clinically as well as the TSR.  
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5. RESULTS 

5.1 Characteristics of study subjects  

5.1.1 Socio-demographic characteristics  

Table 1 shows the sociodemographic characteristics of the study subjects along with 

programmatic covariates (i.e. Facility type and Medium Term Plan for Tuberculosis 

and Leprosy (MTP) strategy). A total of 1,494 patients with Drug Resistant 

Tuberculosis (DR-TB), 994 cases and 500 controls, notified over a 5-year period, 

January 201 to December 2091, were included in the analysis. Notably, during the 

review period the number of DR-TB patients decreased by 73.8% from 1182 during 

MTP-II to 310 during MTP-III. Of the subjects, 56.3% (n=841) were male and 82.3% 

(n=1230) were Namibian citizens. The mean age of the subjects was 35.6 ±14.2 years 

(age ± standard deviation, SD), and 85.5% (n=1277) of the patients were categorized 

as either young (15-34 years) or middle (35-54 years) age categories (Table 1). 

 

Over one third (35.2%, n=526), of the study subjects were registered in four of the 

twelve regions in Namibia, i.e. Erongo, Khomas, Kavango and Oshana regions of 

which the majority were registered in Windhoek (10%, n=149),  Oshakati (7.9%, 

n=118) and Grootfontein districts (6.2%, n=93), (Figure 1). At facility level, most 

patients were notified at one of the state national referral hospital at Intermediate 

hospital Katutura (11.25%, n=167), and the majority were treated at district level 

facilities (57%, n=857). Moreover, close to 80% of patients were notified during the 

Medium-Term Plan for TB period II (MTP-II, 2010 - 2017) (79.1%, n=1182). Majority 

of patients (64.8%) were notified in the Khomas (15.7%, n=235), Kavango (15.5%, 

n=231), Ohangwena (13.2%, n=197), Oshana (11.2%, n=167), and Erongo regions 

(9.2%, n=138).  
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Table 1 Sociodemographic characteristics and treatment outcomes and of study 

subjects N=1494 

Characteristic Frequency 

(%) 

DR-TB Treatment outcome Crude Odds 

Ratio cOR 

(95%CI) 

P-value 

Unsuccessful 

(controls) (%) 

Successful 

(cases) (%) 

DR-TB patients 1494 500 (33.5) 994 (66.5)   

Age group  

Under 5 years 

5 – 14 years 

15 – 24 years 

25 – 34 years 

35 – 44 years 

45 – 54 years 

55 – 64 years 

65 and older 

Not indicated 

 

41(2.7) 

36 (2.4) 

206 (13.8) 

467 (31.3) 

403 (27.0) 

201 (13.5) 

84 (5.6) 

56 (3.7) 

80 (5.4) 

 

7 (17.1) 

3 (8.3) 

61 (29.6) 

161 (34.5) 

127 (31.5) 

78 (38.8) 

33 (39.3) 

30 (53.6) 

22 (27.5) 

 

34 (82.9) 

33 (91.7) 

145 (70.4) 

306 (65.5) 

276 (68.5) 

123 (61.2) 

51 (60.7) 

26 (46.4) 

58 (72.5) 

 

1 

5.6 (2.1, 4.8) 

12.7 (3.5, 46.7) 

2.7 (1.5, 5.0) 

2.2 (1.3, 3.8) 

2.5 (1.4, 4.4) 

1.8 (1.0, 3.3) 

1.8 (0.9, 3.5) 

1 

 

0.000 

0.000 

0.000 

0.001* 

0.006* 

0.001* 

0.049* 

0.097 

Sex 

Female 

Male 

 

653 (43.7) 

841 (56.3) 

 

194 (29.7) 

306 (36.4) 

 

459 (70.3) 

535 (63.6) 

 

1.4 (1.1, 1.7) 

1 

 

0.007* 

Nationality 

Namibian 

Non-Namibian 

Not indicated 

 

1230 (82.3) 

184 (12.3) 

80 (5.4) 

 

395 (32.1) 

83 (45.1) 

22 (27.5) 

 

835 (67.9) 

101 (54.9) 

58 (72.5) 

 

2.2 (1.2, 3.8) 

1.7 (1.3, 2.4) 

1 

 

0.008* 

0.001* 

Region of 

residence 

Erongo 

Hardap 

Karas 

Kavango 

Khomas 

Kunene 

Ohangwena 

Omaheke 

Omusati 

Oshana 

Oshikoto 

Other 

Otjozondjupa 

Zambezi 

No indicated 

 

 

102 (6.8) 

43 (2.9) 

33 (2.2) 

157 (10.5) 

149 (10.0) 

16 (1.1) 

63 (4.2) 

15 (1.0) 

57 (3.8) 

118 (7.9) 

53 (3.5) 

2 (0.13) 

102 (6.8) 

12 (0.80) 

572 (38.2) 

 

 

27 (26.5) 

17 (39.5) 

9 (27.3) 

47 (29.9) 

56 (37.6) 

7 (43.8) 

25 (39.7) 

1 (6.7) 

18 (31.6) 

35 (29.7) 

9 (17.0) 

0 (0) 

32 (31.4) 

3 (25.0) 

214 (37.4) 

 

 

 

75 (73.5) 

26 (60.5) 

24 (72.7) 

110 (70.1) 

93 (62.4) 

9 (56.3) 

38 (60.3) 

14 (93.3) 

39 (68.4) 

83 (70.3) 

44 (83.0) 

2 (100) 

70 (68.6) 

9 (75.0) 

358 (62.6) 

 

 

0.57 (0.2, 2.1) 

0.9 (0.2, 3.7) 

0.5 (0.1, 2.2) 

0.9 (0.2, 4.0) 

0.8 (0.2, 3.0) 

0.6 (1.1, 2.1) 

0.4 (0.1, 2.2) 

0.5 (0.1, 2.1) 

4.7 (0.4, 52.1) 

0.7 (0.2, 3.0) 

0.8 (0.2, 3.1) 

1.6 (0.4, 7.2) 

538491614.3 (0) 

0.7 (0.2, 2.9) 

1 

 

 

0.385 

0.913 

0.510 

0.889 

0.780 

0.554 

0.429 

0.507 

4.667 

0.722 

0.790 

1.630 

5384916

14.3 

0.729 

Alcohol abuse 

No 

Yes 

1337 (89.5) 

29 (10.5) 

394 (29.5) 

15 (51.7) 

943 (70.5) 

14 (48.3) 

2.3 (1.1, 4.8) 

1 

0.023* 

Illicit drug use 

No 

Yes 

 

1359 (91.0) 

7 (9.0) 

 

406 (29.9) 

3 (42.9) 

 

953 (70.1) 

4 (57.1) 

 

1.5 (0.3, 6.7) 

1 

 

0.600 
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Level of care 

District hospital 

Intermediate 

Hospital 

 

852 (57.0) 

642 (43.0) 

 

296 (34.7) 

204 (31.8) 

 

556 (65.3) 

438 (68.2) 

 

0.9 (0.7, 1.1) 

1 

  

 0.229 

Mobile number 

provided 

No  

Yes 

 

 

507 (33.9) 

987 (66.1) 

 

 

155 (30.6) 

345 (35.0) 

 

 

352 (69.4) 

642 (65.0) 

 

 

1.2 (1.0, 1.5) 

1 

 

 

0.089 

TB MTP period 

MTP II 

MTP III 

Pre-MTP 

 

1182 (79.2) 

310 (20.7) 

2 (0.1) 

 

 

396 (33.5) 

102 (32.9) 

2 (100) 

 

786 (66.5) 

208 (67.1) 

0 

 

0.8 (0.4, 1.5) 

3215273018 (0) 

3303342912 (0) 

 

 

0.980 

0.999 

0.999 

* = significant p value by crude binary logistic regression 

 

 

Figure 1 DR-TB treatment outcome among regions in Namibia N=1494 

 

5.1.2 Clinical characteristics of patients  

Table 2 shows the clinical and treatment-related characteristics of DR-TB patients and 

their relationship with treatment outcomes. Of the 1494 patients included, about half 
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(47.4%, n=708) were registered as new patients, a third had relapsed (29.2%, n=436), 

while 10.9% failed their first treatment (n=164). With regards to co-morbidities, a 

number of patients had HIV co-infection (n=124, 8.3%), diabetes (n=11, 0.7%), renal 

failure (n=4, 0.3%), high blood pressure (n=11, 0.7%), respiratory illness (n=1, 0.1%), 

pre-existing liver disease (n=2, 0.1%), as well as gastrointestinal intolerance (n=1, 

0.1%).  

 

Table 2 Treatment outcomes vs clinical & treatment characteristics of study 

subjects N=1494 

Characteristic Frequency 

(%) 

Treatment outcome cOdds Ratio 

(95%CI) 

P-value 

Unsuccessfu

l (%) 

Successful 

(%) 

Total  1494 500 (29.9) 994 (70.1)   

Case status 

Cured 

Defaulted 

Died 

Failed 

Treatment completed 

 

 

609 (40.8) 

183 (12.2) 

283 (18.9) 

34 (2.3) 

385 (25.8) 

500 

0 

183 (100) 

283 (100) 

34 (100) 

0 

994 

609 (100) 

0 

0 

0 

385 (100) 

  

Time to treatment 

Not indicated 

1 to 7 days 

8 to 14 days  

15 to 21 days 

22 to 28 days 

Over 28 days 

 

 

302 (20.2) 

460 (30.8) 

281 (18.8) 

134 (9.0) 

80 (5.4) 

237 (15.9) 

 

 

144 (47.7) 

141 (30.7) 

87 (31.0) 

30 (22.4) 

23 (28.8) 

75 (31.6) 

 

158 (52.3) 

319 (69.3) 

194 (69.0) 

104 (77.6) 

57 (71.3) 

162 (68.4) 

 

 

0.5 (0.356-0.724) 

1.2 (0.658-2.001) 

1.1 (0.747-1.469) 

1.6 (0.983-2.619) 

1.0 (0.711-1.499) 

 

 

0.000 

0.628 

0.788 

0.058 

0.867 

Co-morbidities 

HIV co-infection 

No 

Yes 

 

 

1370 (91.7) 

124 (8.3) 

 

460 (33.6) 

40 (32.3) 

 

910 (66.4) 

84 (67.7) 

 

0.9 (0.636-1.395) 

 

0.766 

Diabetes 

No 

Yes 

 

 

1483 (99.3) 

11 (0.7) 

 

495 (33.4) 

5 (45.5) 

 

988 (66.6) 

6 (54.5) 

 

1.7 (0.505-5.477) 

 

0.403 

Renal failure 

No 

Yes 

 

 

1490 (99.7) 

4 (0.3) 

 

498 (33.4) 

2 (50.0) 

 

992 (66.6) 

2 (50.0) 

 

2.0 (0.280-14.1830 

 

0.491 

High blood pressure 

No 

 

1483 (99.3) 

 

499 (33.6) 

 

984 (66.4) 

 

0.2 (0.025-1.545) 

 

0.122 
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Characteristic Frequency 

(%) 

Treatment outcome cOdds Ratio 

(95%CI) 

P-value 

Unsuccessfu

l (%) 

Successful 

(%) 

Yes 

 

11 (0.7) 1 (9.1) 10 (90.9) 

Asthma + COPD 

No 

Yes  

 

 

1493 (99.9) 

1 (0.1) 

 

499 (33.4) 

1 (100) 

 

994 (66.6) 

0 

 

3217956369 (0) 

 

1.000 

Pre-existing liver 

disease 

No 

Yes 

 

 

 

1492 (99.9) 

2 (0.1) 

 

 

498 (33.4) 

2 (100) 

 

 

994 (66.6) 

0 

 

 

3224458648 (0) 

 

 

0.999 

Gastro-intestinal 

Intolerance 

No 

Yes 

 

 

1493 (99.9) 

1 (0.1) 

 

 

499 (33.4) 

1 (100) 

 

 

994 (66.6) 

0 

3218050450 (0) 

 

 

1.000 

Treatment duration 

Not indicated 

Less than 9 months 

9 to 11 months 

12 to 18 months 

19 to 24 months  

Over 24 months 

 

 

75 (5.0) 

242 (16.2) 

62 (4.1) 

151 (10.1)  

845 (56.6) 

119 (8.0) 

 

 

75 (100) 

231 (95.5) 

55 (88.7) 

104 (68.9) 

30 (3.6) 

5 (4.2) 

 

 

0 

11 (4.5) 

7 (11.3) 

47 (31.1) 

815 (96.4) 

114 (95.8) 

 

 

 

0.01 (0.002-0.018) 

1.19 (0.453-3.133)  

1.0 (0) 

0.0 (0.008-0.052) 

0.0 (0.001-0.006) 

 

 

 

0.000 

0.722 

0.000 

0.000 

0.000 

 

Type of TB drug 

resistance 

Not indicated  

Extensive drug-

resistance 

Mono-resistance 

Multidrug-resistance 

Poly-resistance 

Rifampicin resistance 

 

 

 

18 (1.2) 

27 (1.8) 

 

87 (5.8) 

846 (56.6) 

60 (4.0) 

456 (30.5) 

 

 

 

5 (27.8) 

16 (59.3) 

 

28 (32.2) 

243 (28.7) 

11 (18.3) 

197 (43.2) 

 

 

 

13 (72.2) 

11 (40.7) 

 

59 (67.8) 

603 (71.3) 

49 (81.7) 

259 (56.8) 

 

 

 

 

2.0 (0.693-5.640) 

 

0.5 (0.237-1.152) 

1.6 (0.985-2.607 

1.9 (1.488-2.394) 

3.4 (1.717-6.686) 

 

 

 

 

0.202 

 

0.108 

0.057 

0.000 

0.000 

 

Number of Previous 

Treatments 

Not indicated 

1 

2 

3 

4 

Over 4 

 

 

 

838 (56.1) 

420 (28.1) 

204 (13.7) 

27 (1.8) 

4 (0.3) 

1 (0.1) 

 

 

 

284 (33.9) 

136 (32.4) 

66 (32.4) 

11 (40.7) 

3 (75.0) 

0 

 

 

 

554 (66.1) 

284 (67.6) 

138 (67.6) 

16 (59.3) 

1 (25.0) 

1 (100) 

 

 

 

 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

 

 

 

 

1.000 

1.000 

1.000 

1.000 

1.000 

 

Pulmonary forms 

Not indicated 

Bilateral disease 

Unilateral>1 lobe 

Unilateral lower lobe 

 

 

161 (10.8) 

4 (0.3) 

299 (20.0) 

1030 (68.9) 

 

107 (66.5) 

0 

81 (27.1) 

312 (30.3) 

 

54 (33.5) 

4 (100) 

218 (72.9) 

718 (69.7) 

 

0.2 (0.154-4.132) 

0 (0) 

701989068.2 (0) 

1.17 (0.877-1.559) 

 

 

0.000 

0.999 

0.286 

0.000 

 

Extra pulmonary 

forms 

Not indicated 

 

 

78 (5.2) 

 

 

36 (46.2) 

 

 

42 (53.8) 
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Characteristic Frequency 

(%) 

Treatment outcome cOdds Ratio 

(95%CI) 

P-value 

Unsuccessfu

l (%) 

Successful 

(%) 

Abdominal TB 

Brain tissue 

Genital Urinary tract 

TB 

 

3 (0.2) 

28 (1.9) 

1385 (92.7) 

1 (33.3) 

11 (39.3) 

452 (32.6) 

2 (66.7) 

17 (60.7) 

933 (67.4) 

0.57 (0.357-0.895) 

0.97 (0.088-10714) 

0.75 (0.348-1.612) 

 

0.015* 

0.979 

0.459 

 

Treatment regimen 

 

Not indicated 

 

Standardised Short 

Regimen for selected 

DR-TB patients 

 

Standard TB regimen 

 

Standard MDR 

regimen with 

Ethambutol  

 

Other 

 

 

 

 

864 (57.8) 

 

409 (27.4) 

 

 

 

31 (2.1) 

 

28 (1.9) 

 

 

 

162 (10.8) 

 

 

305 (35.3) 

 

126 (30.8) 

 

 

 

9 (29.0) 

 

9 (32.1) 

 

 

 

51 (31.5) 

 

 

599 (64.7) 

 

283 (69.2) 

 

 

 

22 (71.0) 

 

19 (67.9) 

 

 

 

111 (68.5) 

 

 

 

 

0.84 (0.590-1.236) 

 

 

 

1.047 (0.700-1.564) 

 

1.14 (0.488-2.659) 

 

 

 

 

 

 

 

 

0.403 

 

 

 

0.824 

 

0.763 

 

 

 

 

Site of disease 

Not indicated 

Both  

Extra-pulmonary 

Pulmonary 

Other 

 

 

1466 (98.1) 

3 (0.2) 

2 (0.1) 

1 (0.1) 

22 (1.5) 

 

 

489 (33.4) 

3 (0.6) 

2 (100) 

0 

6 (27.3) 

 

977 (66.6) 

0 

0 

1 (100) 

16 (72.7) 

 

 

0.8 (0.154-4.134) 

0 (0) 

0 (0) 

 

 

 

0.789 

0.999 

0.999 

 

* = significant p value by crude binary logistic regression 

 

5.1.3 Treatment-related characteristics of the study subjects 

As shown in table 2, over two thirds of patients with pulmonary DR-TB had unilateral 

infection of the lower lobe (n=1020, 68.3%), while most of those that had extra 

pulmonary DR-TB had forms that affected the genital urinary tract (n=1385, 92.7%). 

The most commonly observed resistance type was multidrug resistance (n=846, 

n=56.6%), followed by resistance to Rifampicin (n=456, 30.5%), and then mono-

resistance to other TB medicines (5.8%, n=87). On average it took 21 (IQR 3-21) days 

(range: 0-769) to initiate treatment following diagnosis of DR-TB, notably only a third 
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of patients were initiated on treatment within 7 days of diagnosis (30.8%, n=460). 

Treatment lasted 17.6±7.4 months on average with the longest treatment lasting up to 

46 months, to note over half of patients were treated for a duration between 19 to 24 

months (n=845, 56.6%). Also, patients had on average previously been treated 1.4±0.6 

times for TB. Although, treatment regimen was not captured for more than half of 

patients, a Standardized Short Regimen for selected DR-TB patients (n=409, 27.4%), 

was the most used for those captured.  

 

Tables 3.1 – 3.5 summarize the association between clinical and laboratory monitoring 

of DR-TB patients and its treatment outcomes over the study period. The laboratory 

monitoring done included sputum smear microscopy, sputum culture, culture growth, 

chest X-Ray, drug susceptibility at baseline. As presented in tables 3.1-3.5, although 

no monitoring covariate’s were statistically significantly associated with treatment 

outcomes (p>0.05), DR-TB patients with negative baseline sputum smears had higher 

treatment success rate of 72.2%, compared to those with positive baseline sputum 

smears of 60.8% as shown in table 3.1.  

 

Table 3.1 Treatment outcomes vs Sputum smear microscopy 

Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Sputum smear microscopy  

 

Baseline sputum smear  

Not indicated 

Smear negative (-)  

Smear positive (+)  

Results pending 

 

1 Month 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

 

 

241 (16.1) 

629 (42.1) 

623 (41.7) 

1 (0.1) 

 

 

1360 (88.4) 

145 (9.7) 

29 (1.9) 

 

 

 

80 (33.2) 

175 (27.8) 

244 (39.2) 

1 (100) 

 

 

447 (33.9) 

44 (30.3) 

9 (31.0) 

 

 

162. (66.8) 

454 (72.2) 

379 (60.8) 

0 

 

 

873 (66.1) 

101 (69.7) 

20 (69.0) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

 

2 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

3 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

6 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

9 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

12 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

14 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

17 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

21 Months 

Not indicated 

Smear negative (-)  

Smear positive (+) 

 

 

1483 (99.3) 

9 (0.6) 

2 (0.1) 

 

 

1484 (99.3) 

9 (0.6) 

1 (0.1) 

 

 

1492 (99.9) 

1 (0.1) 

1 (0.1) 

 

 

1491 (99.8) 

2 (0.1) 

1 (0.1) 

 

 

1493 (99.9) 

0 (0) 

623 (41.7) 

 

 

241 (16.1) 

629 (42.1) 

0 (0) 

 

 

1492 (99.9) 

2 (0.1) 

0 (0) 

 

 

1491 (99.8) 

3 (0.2) 

0 (0) 

 

 

 

497 (33.5) 

1 (11.1) 

2 (100.0) 

 

 

497 (33.5) 

2 (22.2) 

1 (100) 

 

 

499 (33.4) 

0 (0) 

1 (0.1) 

 

 

500 (33.5) 

0 (0) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

0 (0) 

 

 

499 (33.4) 

1 (50.0) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

0 (0) 

 

986 (66.5) 

8 (88.9) 

0 (0.0) 

 

 

987 (66.5) 

7 (77.8) 

0 (0) 

 

 

993 (66.1) 

1 (100) 

0 (0) 

 

 

991 (66.5) 

2 (100) 

1 (100) 

 

 

993 (66.5) 

0 (0) 

1 (100) 

 

 

993 (66.6) 

1 (50.0) 

0 (0) 

 

 

992 (66.5) 

2 (100) 

0 (0) 

 

 

991 (66.5) 

3 (0.3) 

0 (0) 

 

 

Table 3.2 presents Sputum culture growth at different time times of treatment by 

treatment outcome. As presented in table 3.3, TSR (83.3%) were higher among 
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patients who grew MOTT sputum culture at baseline, followed by mycobacterium TB 

(70.1%).  

 

Table 4.2 Treatment outcomes vs Sputum culture 

Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Sputum culture 

 

Before diagnosis 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

Scanty 

 

1 Month 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

Scanty 

 

2 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

Scanty 

 

3 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Scanty 

 

 

6 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

 

 

 

235 (15.7) 

225 (15.1) 

241 (16.1) 

450 (30.1) 

212 (35.4) 

1 (0.1) 

130 (8.7) 

 

 

756 (50.6) 

95 (6.4) 

109 (7.3) 

154 (10.3) 

315 (21.1) 

1 (0.1) 

64 (4.3) 

 

 

588 (39.4) 

95 (6.4) 

63 (4.2) 

46 (3.1) 

617 (41.3) 

2 (0.1) 

83 (5.6) 

 

 

617 (41.3) 

53 (3.5) 

21 (1.4) 

23 (1.5) 

727 (48.7) 

53 (3.5) 

 

 

 

742 (49.7) 

16 (1.1) 

6 (0.4) 

15 (1.0) 

695 (46.5) 

 

 

 

100 (42.6) 

69 (30.7) 

66 (27.4) 

148 (32.9) 

75 (35.4) 

1 (0.1) 

41 (31.5) 

 

 

325 (40.3) 

18 (18.9) 

25 (22.9) 

47 (30.5) 

68 (21.6) 

0 (0) 

16 (25.0) 

 

 

302 (51.4) 

24 (25.3) 

15 (23.8) 

13 (28.3) 

127 (20.6) 

2 (100) 

19 (22.9) 

 

 

316 (51.2) 

14 (2.8) 

3 (14.3) 

10 (43.5) 

143 (19.7) 

14 (26.4) 

 

 

 

366 (49.3) 

7 (43.8) 

3 (50.0) 

6 (40.0) 

116 (16.7) 

 

 

 

135 (57.4) 

156 (69.3) 

175 (72.6) 

302 (67.1) 

137 (64.6) 

0 (0) 

89 (68.5) 

 

 

431 (57.0) 

77 (81.1) 

84 (77.1) 

107 (69.5) 

247 (78.4) 

1 (0.1) 

48 (75.0) 

 

 

286 (48.6) 

71 (74.7) 

48 (76.2) 

33 (71.7) 

490 (79.4) 

0 (0) 

64 (77.1) 

 

 

301 (48.8) 

39 (73.6) 

21 (1.4) 

13 (56.5) 

584 (58.8) 

39 (73.6) 

 

 

 

376 (1507) 

9 (56.3) 

3 (50.0) 

9 (60.0) 

579 (83.3) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Scanty 

 

9 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Scanty 

 

12 Months 

Not indicated 

+ 

+++ 

Negative 

Pending 

Scanty 

 

15 Months 

Not indicated 

+ 

+++ 

Negative 

Scanty 

 

18 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

Scanty 

 

21 Months 

Not indicated 

++ 

Negative 

 

24 Months 

Not indicated 

Negative 

Pending 

20 (1.3) 

 

 

978 (65.5) 

8 (0.5) 

4 (0.3) 

2 (0.1) 

492 (32.9) 

10 (0.7) 

 

 

1048 (70.1) 

5 (0.3) 

5 (0.3) 

430 (28.8) 

2 (0.1) 

4 (0.3) 

 

 

1057 (70.7) 

5 (0.3) 

2 (0.1) 

426 (28.5) 

4 (0.3) 

 

 

1116 (74.7) 

1 (0.1) 

1 (0.1) 

2 (0.1) 

369 (24.7) 

2 (0.1) 

3 (0.2) 

 

 

1265 (84.7) 

1 (0.1) 

228 (15.3) 

 

 

1373 (91.9) 

120 (8.0) 

1 (0.1) 

2 (10.0) 

 

 

433 (44.3) 

4 (50.0) 

3 (75.0) 

2 (100) 

53 (10.8) 

5 (50.0) 

 

 

459 (43.8) 

3 (60.0) 

3 (60.0) 

31 (7.2) 

1 (50.0) 

3 (75.0) 

 

 

477 (45.1) 

2 (40.0) 

2 (100) 

19 (4.5) 

0 (0) 

 

 

488 (43.7) 

0 (0)  

1 (100) 

2 (100) 

8 (2.2) 

0 (0) 

1 (33.3) 

 

 

493 (39.0) 

0 (0) 

7 (3.1) 

 

 

499 (36.3) 

1 (0.8) 

0 (0) 

18 (90.0) 

 

 

545 (55.7) 

4 (50.0) 

1 (25.0) 

0 (0) 

439 (89.2) 

5 (50.0) 

 

 

589 (56.2) 

2 (40.0) 

2 (40.0) 

399 (92.8) 

1 (50.0) 

1 (0.1) 

 

 

580 (54.9) 

3 (60.0) 

0 (0) 

407 (95.5) 

4 (100) 

 

 

626 (56.3) 

1 (100)  

0 (0) 

0 (0) 

361 (96.8) 

2 (100) 

2 (66.7) 

 

 

772 (61.0) 

1 (100) 

228 (15.3) 

 

 

874 (63.7) 

119 (99.2) 

1 (100) 
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Table 3.3 presents Culture growth by treatment outcome. TSR (83.3%) were higher 

among patients who grew MOTT sputum culture at baseline, followed by 

mycobacterium TB (70.1%).  

 

Table 5.3 Treatment outcomes vs Culture growth 

Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Culture growth 

 

Before diagnosis 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

1 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

2 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

3 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

6 Months 

No indicated 

Contaminated 

 

 

 

655 (43.8) 

7 (0.5) 

6 (0.4) 

765 (51.2) 

32 (2.1) 

4 (0.3) 

25 (1.7) 

 

 

818 (54.8) 

20 (1.3) 

18 (1.2) 

475 (31.8) 

148 (9.9) 

11 (0.7) 

4 (0.3) 

 

 

723 (48.4) 

27 (1.8) 

17 (1.1) 

250 (16.7) 

428 (28.6) 

41 (2.7) 

8 (0.5) 

 

 

711 (47.6) 

39 (2.6) 

18 (1.2) 

97 (6.5) 

575 (38.5) 

50 (3.3) 

4 (0.3) 

 

 

848 (56.7) 

24 (1.6) 

 

 

 

248 (37.9) 

4 (57.1) 

1 (16.7) 

229 (29.9) 

11 (34.4) 

0 (0) 

7 (28.0) 

 

 

342 (41.8) 

5 (25.0) 

7 (38.9) 

110 (23.2) 

35 (23.6) 

0 (0) 

1 (25.0) 

 

 

351 (48.5) 

3 (11.1) 

1 (5.9) 

50 (20.0) 

82 (19.2) 

12 (29.3) 

1 (12.5) 

 

 

341 (48.0)  

6 (15.4) 

5 (27.8) 

32 (33.0) 

103 (17.9) 

12 (24.0) 

1 (25.0) 

 

 

386 (45.6) 

5 (20.8) 

 

 

 

407 (62.1) 

3 (42.9) 

5 (83.3) 

536 (70.1) 

21 (65.6) 

4 (100) 

18 (72.0) 

 

 

476 (58.2) 

15 (75.0) 

11 (61.1) 

365 (76.8) 

113 (76.4) 

11 (100) 

3 (75.0) 

 

 

372 (51.5) 

24 (88.9) 

16 (94.1) 

200 (80.0) 

346 (80.8) 

29 (70.7) 

7 (87.5) 

 

 

370 (52.0) 

33 (84.6) 

13 (72.2) 

65 (67.0) 

472 (82.1) 

38 (76.0) 

3 (75.0) 

 

 

461 (54.4) 

19 (79.2) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

9 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

12 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

15 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

18 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

21 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

17 (1.1) 

29 (1.9) 

551 (36.9) 

24 (1.6) 

24 (1.6) 

 

 

1125 (75.3) 

14 (0.9) 

13 (0.9) 

11 (0.7) 

321 (21.5) 

7 (0.5) 

3 (0.2) 

 

 

1183 (79.2) 

17 (1.1) 

10 (0.7) 

13 (0.9) 

255 (17.1) 

12 (0.8) 

4 (0.3) 

 

 

1205 (80.7) 

21 (1.4) 

18 (1.2) 

8 (31.2) 

228 (15.3) 

12 (0.8) 

2 (0.1) 

 

 

1224 (81.9) 

28 (1.9) 

13 (0.9) 

6 (0.4) 

212 (14.2) 

10 (0.7) 

1 (0.1) 

 

 

1354 (90.6) 

10 (0.7) 

10 (0.7) 

1 (0.1) 

114 (7.6) 

2 (0.1) 

3 (0.2) 

 

4  (23.5) 

20 (69.0) 

80 (14.5) 

5 (20.8) 

5 (20.8) 

 

 

450 (40.0) 

1 (7.1) 

2 (15.4) 

8 (72.7) 

37 (11.5) 

1 (14.3) 

1 (33.3) 

 

 

472 (39.9) 

2 (11.8) 

0 (0) 

8 (61.5) 

17 (6.7) 

12 (100) 

1 (25.0) 

 

 

484 (40.2) 

0 (0) 

0 (0) 

5 (62.5) 

10 (4.4) 

0 (0) 

1 (50.0) 

 

 

491 (40.1) 

0 (0) 

0 (0) 

2 (33.3) 

6 (2.8) 

1 (10.0) 

0 (0) 

 

 

494 (36.5) 

0 (0) 

0 (0) 

0 (0) 

5 (4.4) 

1 (33.3) 

1 (33.3) 

 

13 (76.5) 

9 (31.0) 

461 (85.5) 

19 (79.2) 

19 (79.2) 

 

 

675 (60.0) 

13 (92.9) 

11 (84.6) 

3 (27.3) 

284 (88.5) 

3 (85.7) 

2 (66.7) 

 

 

711 (60.1) 

15 (88.2) 

10 (100) 

5 (38.5) 

238 (93.3) 

0 (0) 

3 (75.0) 

 

 

721 (59.8) 

21 (100.0) 

18 (100.0) 

3 (37.5) 

218 (95.6) 

12 (100.0) 

1 (50.0) 

 

 

733 (59.9) 

28 (100.0) 

13 (100.0) 

4 (66.7) 

206 (97.2) 

9 (90.0) 

4 (100.0) 

 

 

860 (63.5) 

10 (100.0) 

10 (100.0) 

1 (100.0) 

109 (95.6) 

2 (66.7) 

2 (66.7) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

24 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

1444 (96.7) 

8 (0.5) 

3 (0.2) 

1 (0.1) 

35 (2.3) 

1 (0.1) 

2 (0.1) 

 

499 (34.6) 

0 (0) 

0 (0) 

0 (0) 

1 (2.9) 

0 (0) 

0 (0) 

 

945 (65.4) 

8 (100.0) 

3 (100.0) 

1 (100.0) 

34 (97.1) 

1 (100.0) 

2 (100.0) 

 

Table 3.4 compares treatment outcomes to chest X-ray findings. Furthermore, patients 

with baseline chest x-rays showing cavitation had the highest TSRs at baseline of 

78.2%, followed by those with clear (normal) CXRs with 76.9% treatment success 

(p=0.372) as shown in table 3.4. 

 

Table 6.4 Treatment outcomes vs Chest X-ray findings 

Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Chest X-ray 

 

Before diagnosis 

Not indicated  

Cavitation 

Clear (normal) 

Effusion 

Infiltration 

Lung destruction  

 

1 Month 

Not indicated  

Cavitation 

Clear (normal) 

Effusion 

Infiltration 

Lung destruction  

 

2 Months 

Not indicated  

Cavitation 

Effusion 

Infiltration 

 

 

 

 

1048 (70.1) 

101 (6.8) 

13 (0.9) 

16 (0.9) 

267  (17.9) 

49 (3.3) 

 

 

1383 (92.6) 

36 (2.4) 

4 (0.3) 

5 (0.3) 

57 (3.8) 

9 (0.6) 

 

 

1488 (99.6) 

1 (0.1) 

1 (0.1) 

4 (0.3) 

 

 

 

 

368 (35.1) 

22 (21.8) 

3 (23.1) 

6 (37.5) 

88 (33.0) 

13 (26.5) 

 

 

471 (34.1) 

10 (27.8) 

1 (25.0) 

1 (20.0) 

16 (28.1) 

1 (11.1) 

 

 

498 (33.5) 

0 (0) 

0 (0) 

2 (50.0) 

 

 

 

 

680 (64.9) 

79 (78.2) 

10 (76.9) 

10 (62.5) 

179  (67.0) 

36 (73.5) 

 

 

912 (65.9) 

26 (72.2) 

3 (75.0) 

4 (80.0) 

41 (71.9) 

8 (88.9) 

 

 

990 (66.5) 

1 (100.0) 

1 (100.0) 

2 (50.0) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

 

3 Months 

Not indicated  

Cavitation 

Clear (normal) 

 

6 Months 

Not indicated  

Cavitation 

Infiltration 

 

9 Months 

Not indicated  

Cavitation 

Clear (normal) 

Infiltration 

Lung destruction  

 

12 Months 

Not indicated  

Effusion 

Lung destruction  

 

16 Months 

Not indicated  

Cavitation 

 

18 Months 

Not indicated  

Infiltration 

 

21 Months 

Not indicated  

Clear (normal) 

 

24 Months 

Not indicated  

Cavitation 

Clear (normal) 

Infiltration 

 

 

 

 

1492 (99.9) 

1 (0.1) 

1 (0.1) 

 

 

1492 (99.9) 

1 (0.1) 

1 (0.1) 

 

 

1488 (99.6) 

1 (0.1) 

1 (0.1) 

3 (0.2) 

1 (0.1) 

 

 

1492 (99.9) 

1 (0.1) 

1 (0.1) 

 

 

1493 (99.9) 

1 (0.1) 

 

 

1493 (99.9) 

1 (0.1) 

 

 

1492 (99.9) 

2 (0.1) 

 

 

1480 (99.1) 

1 (0.1) 

6 (0.4) 

7 (0.5) 

 

 

 

499 (33.4) 

0 (0) 

1 (100.0) 

 

 

499 (33.4) 

0 (0) 

1 (100.0) 

 

 

500 (33.6) 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

 

 

498 (33.4) 

1 (100.0) 

1 (100.0) 

 

 

499 (33.4) 

1 (100.0) 

 

 

500 (33.5) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

 

 

500 (33.8) 

0 (0) 

0 (0) 

0 (0) 

 

 

 

993 (66.6) 

1 (100.0) 

0 (0) 

 

 

993 (66.6) 

1 (100.0) 

0 (0) 

 

 

988 (66.4) 

1 (100.0) 

1 (100.0) 

3 (100.0) 

1 (100.0) 

 

 

994 (66.6) 

0 (0) 

0 (0) 

 

 

994 (66.6) 

0 (0) 

 

 

993 (66.5) 

1 (100.0) 

 

 

992 (66.5) 

2 (100.0) 

 

 

980 (66.2) 

1 (100.0) 

6 (100.0) 

7 (100.0) 

 

 

 

Table 3.5 compares treatment outcomes to drug susceptibility results. Moreover, the 

highest percentage of resistance encountered among patients at baseline included, 

Isoniazid (n=654, 43.8%), followed by Rifampicin (n=645, 43.2%), and Streptomycin 
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(n=448, 30.0%). Notably, treatment outcomes were most frequently observed among 

patients with the baseline resistance to the following medicines, Ofloxacin 

/Ciprofloxacin 50.0% (n=18, p=0.708, N=36); kanamycin 44.1% (n=15, p=0.915, 

N=34); ethionamide 33.9% (n=21, p=0.874, N=62), ethambutol 30.4% (n=101, 

p=0.313, N=332); and rifampicin 30.1% (n=197, p=0.122, N=654).). 

 

 

Table 7.5 Treatment outcomes vs Drug susceptibility 

Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Drug susceptibility 

 

Rifampicin 

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Isoniazid 

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Ethambutol  

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Pyrazinamide 

Not indicated 

Pending 

Resistant 

Susceptibility 

 

Kanamycin 

Not indicated 

Pending 

Resistant 

Susceptibility 

 

Streptomycin 

 

 

 

721 (48.3) 

2 (0.1) 

4 (0.3) 

654 (42.8) 

113 (7.6) 

 

 

774 (51.8) 

2 (0.1) 

4 (0.3) 

645 (43.2) 

69 (4.6) 

 

 

836 (56.0) 

2 (0.1) 

2 (0.1) 

332 (22.2) 

322 (21.6) 

 

 

1445 (96.7) 

4 (0.3) 

22 (1.5) 

23 (1.5) 

 

 

1275 (85.3) 

1 (0.1) 

34 (2.3) 

184 (12.3) 

 

 

 

 

 

271 (37.6) 

0 (0) 

2 (50.0) 

197 (30.1) 

30 (26.5) 

 

 

288 (37.2) 

0 (0) 

1 (25.0) 

185 (28.7) 

 

 

 

306 (36.6) 

0 (0) 

0 (0) 

101 (30.4) 

93 (28.9) 

 

 

490 (33.9) 

0 (0) 

6 (27.3) 

4 (17.4) 

 

 

433 (34.0) 

0 (0) 

15 (44.1) 

52 (28.3) 

 

 

 

 

 

450 (62.4) 

2 (100.0) 

2 (50.0) 

457 (69.9) 

83 (73.5) 

 

 

486 (62.8) 

2 (100.0) 

3 (75.0) 

460 (71.3) 

 

 

 

530 (63.4) 

2 (100.0) 

2 (100.0) 

231 (69.6) 

229 (71.1) 

 

 

955 (66.1) 

4 (100.0) 

16 (72.7) 

19 (82.6) 

 

 

842 (66.0) 

1 (100.0) 

19 (55.9) 

132 (71.7) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Para-Aminosalicyilic acid  

Not indicated 

Pending 

Resistant 

Susceptibility 

 

Ethionamide 

Not indicated 

Pending 

Resistant 

Susceptibility 

 

O/Cipro-floxacin 

Not indicated 

Pending 

Resistant 

Susceptibility 

 

848 (56.8) 

2 (0.1) 

2 (0.1) 

448 (30.0) 

194 (13.0) 

 

 

1482 (99.2) 

1 (0.1) 

1 (0.1) 

10 (0.7) 

 

 

1327 (88.8) 

3 (0.2) 

62 (4.1) 

102 (6.8) 

 

 

1317 (88.2) 

1 (0.1) 

36 (2.4) 

140 (9.4) 

315 (37.1) 

0 (0) 

0 (0) 

129 (28.8) 

56 (28.8) 

 

 

499 (33.7) 

0 (0) 

0 (0) 

1 (10.0) 

 

 

451 (34.0) 

0 (0) 

21 (33.9) 

28 (27.5) 

 

 

444 (33.7) 

0 (0) 

18 (50.0) 

38 (27.1) 

533 (62.9) 

2 (100.0) 

2 (100.0) 

319 (71.2)  

138 (71.1) 

 

 

983 (66.3) 

1 (100.0) 

1 (100.0) 

9 (90.0) 

 

 

876 (66.0) 

3 (100.0) 

41 (66.1) 

74 (72.5) 

 

 

873 (66.3) 

1 (100.0) 

18 (50.0) 

102 (72.9) 

MOTT=Mycobacterium Other Than Tuberculosis 

 

5.2 DR-TB Treatment outcomes 

5.2.1 Unsuccessful treatment outcomes 

Among the DR-TB cases that had unsuccessful treatment outcomes (33.5%, n=500); 

18.9% died, 12.3% defaulted treatment, and 2.3% had treatment failure (Figure 2). 

Unsuccessful treatment was observed more frequently amongst older patients in the 

age group 65 and older (53.6%, n=30, N=56), followed by 55 – 64 years (39.3%, n=33, 

N=84), then the 45 – 54 years age group (38.8%, n=78, N=201). In addition, the 

notifying region with the highest proportion of unsuccessful outcomes was Kunene 

(43.8%), followed by Hardap (39.5%). 
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 Notably, the proportion of patients with unsuccessful treatment outcomes were most 

frequently observed among patients with the baseline resistance to the following 

medicines: Ofloxacin /Ciprofloxacin 50.0% (n=18, p=0.708, N=36); kanamycin 

44.1% (n=15, p=0.915, N=34); ethionamide 33.9% (n=21, p=0.874, N=62), 

ethambutol 30.4% (n=101, p=0.313, N=332); and rifampicin 30.1% (n=197, p=0.122, 

N=654) (Table 3). The following had no significant impact on treatment success rates 

among DR-TB, respiratory illness (cOR=3217956369 p=1.000), gastrointestinal 

intolerance (cOR=3218050450, p=1.000), and pre-existing liver disease 

(cOR=3224458648, p=0.999); extra pulmonary DR-TB (cOR=0.3, p=0.185), 

extensive drug resistance (cOR=2.0, p=0.202), as well as having 4 previous TB 

treatments (cOR=0, p=1.0).  

 

 

Figure 2 Distribution of DR-TB cases by treatment outcome categories 

 

 

5.2.2 Successful treatment outcomes 

An overall treatment success rate of 66.5% (n=994) was observed. Of the total number 

of records retrieved those of patients with a successful treatment outcome (66.5%, 

n=994/1494); 25.8% (n=385) completed treatment and 40.8% (n=609) were cured 

Failed
2%

Defaulted
12%

Died
19% Treatment 

completed
26% Cured

41%

Other
67%
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(Figure 2). Treatment success was observed more among younger patients in the age 

groups 5 – 14 years (91.7%, n=36 N=33) and under 5 years (90.2 %, n=37, N=41), as 

well as female patients (70.3 %, n=459, N=653). In addition, the Omaheke region had 

the highest proportion of patients with successful outcomes (93.3%), with the Oshikoto 

(83%) and Zambezi region (75%) following. Treatment success rates increased 

marginally from 66.5% in MTP-II to 57.0% during MTP-III (Figure 3). Despite most 

DR-TB patients being notified by district hospitals overall (57.0 %, n=852, N=1494), 

although not statistically significant, a higher treatment success rate was observed 

among patients managed by Intermediate level hospitals of 68.2%, (n= 438, p=0.229, 

N=642) (Table 1). A successful treatment outcome appeared to be more likely among 

DR-TB patients with a telephone contact (3.0%, n=642, N-1494) than those without 

one (Table 1).  

 

 
 

Figure 3 Distribution of DR-TB treatment outcomes by MPT period N=1494 

 

 

5.2.3 Burden of ADRs among DR-TB patients 

Table 4 shows the adverse drug events reported among DR-TB patients and their 

relationship with treatment outcomes. The most commonly reported events among 
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patients included, reduced hearing (n=18, 1.2%, N=1494); gastrointestinal effects such 

as constipation, nausea and vomiting (n=11, 0.7%); tinnitus (n=9, 0.6%, N=1494), 

dizziness (n=7, 0.5%, N=1494), followed by joint pains as well as peripheral 

neuropathy (n=6, 0.4%, N=1494). Other reported drug events include, joint pains (n=6, 

0.4%, N=1494); skin-related effects, renal-urinary, visual disturbance, psychosis (n=5, 

0.3%, N=1494); as well as those affecting the nervous system (including headache, 

fatigue, tremors combined) (n=4, 0.3%, N=1494); and abdominal pain (n=3, 0.2%, 

N=1494). Notably nervous system events were observe equally among cases as well 

as controls (N=4, n=2, 50%). Surprisingly however, although not statistically 

significant all other reported adverse drug events among patients were most frequently 

observed in those who had successful treatment outcomes as compared to unsuccessful 

treatment outcomes. All patients that experienced the following ADRs had successful 

treatment outcomes dizziness (n=7), vision disturbance (n=5), as well as headache 

(n=5). While those who experienced psychosis and/or kidney-related ADRs most, 

60%, had unsuccessful treatment outcomes (n=3, N=5). This is comparable to those 

with gastrointestinal ADRs (54.5%, n=6, N=11). 

 

Table 8 Cross tabulation treatment outcome vs ADRs 

Covariates Frequency 

(%) 

Treatment outcome cOdds Ratio 

(95%CI) 

P-

value 
Unsuccessful 

(%) 

Successful 

(%) 

Nervous system 

No 

Yes 

 

1490 (99.7) 

4 (0.3) 

 

498  (33.4) 

2 (50.0) 

  

992 (66.6) 

2  (50.0) 

 

4524994148217710

0 (0) 

 

0.997 

Peripheral neuropathy 
No 

Yes 

 

1488 (99.6) 

6 (0.4) 

 

499 (33.5) 

1 (16.7) 

 

989  (66.5) 

5 (83.3) 

 

1.0 (0.089-10.819) 

 

0.986 

Tinnitus 

No 

Yes 

 

1485 (99.4) 

9 (0.6) 

 

499 (33.6) 

1 (11.1) 

 

986 (66.4) 

8 (88.9) 

 

0.3 (0.031-1.962) 

 

0.185 

Decreased hearing 

No 

 

1476 (98.8) 

 

494 (33.5) 

 

982 (66.5) 

 

0.6 (0.161-1.938) 

 

0.359 
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Yes 18 (1.2) 6 (33.3) 12 (66.7)  

Joint pains 

No 

Yes 

 

1488 (99.6) 

6 (0.4) 

 

498 (33.5) 

2 (33.3) 

 

990 (66.5) 

4 (66.6) 

 

1.1 (0.152-8.080) 

 

0.919 

Skin-related combined 

No 

Yes 

 

1489 (99.7) 

5 (0.3) 

 

498 (33.4) 

2 (40.0) 

 

991 (66.6) 

3 (60.0) 

 

2.7 (0.202-36.967) 

 

0.449 

Other effects combined 

No 

Yes 

 

1491(99.8) 

3 (0.2) 

 

499 (33.5) 

1 (33.3) 

 

992 (66.5) 

2 (66.7) 
0.8 (0.59-10.430) 

 

0.855 

* = significant p-value by crude binary logistic regression 

 

5.3 Crude predictors of treatment outcomes 

5.3.1 Sociodemographic predictors of treat success 

As summarized in Table 1, bivariate analysis showed a significant association between 

treatment outcome and female sex (cOR=1.4, p=0.007), young age (under 5-24 years, 

p<0.001), young adults (25-34 years, cOR=2.7, p=0.001), and middle age (35-44 

years, cOR=2.2, p=0.006; and 45-54 years, cOR=2.5, p=0.001), and being older 

patients (55-64 years, cOR=1.8, p=0.049). Other factors that significantly influenced 

successful treatment outcomes included, being Namibian (cOR=2.2, p=0.008), and not 

abusing alcohol (cOR=2.3 p=0.023). The region of DR-TB notification and MTP 

period were not factors that were significantly associated with successful treatment 

outcome. Notably, facility type and MTP strategy covariate were also not statistically 

significantly associated with DR-TB treatment outcomes. 

 

5.3.2 Clinical predictors of treatment success 

Table 3 summarizes the frequency of clinical and laboratory monitoring of DR-TB 

patients and treatment outcomes. Although no monitoring covariate’s were statistically 

significantly associated with treatment outcomes (p>0.05), DR-TB patients with 

negative baseline sputum smears had higher treatment success rate of 72.2% (n=452, 
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N=629), compared to those with positive baseline sputum smears of 60.8%. 

Additionally, TSR (83.3%) were higher among patients who grew MOTT sputum 

culture at baseline, followed by mycobacterium TB (70.1%). Furthermore, patients 

with baseline chest x-rays showing cavitation had the highest TSRs at baseline of 

78.2%, followed by those with clear (normal) CXRs with 76.9% treatment success 

(p=0.372). Moreover, the highest percentage of resistance encountered among patients 

at baseline included, Isoniazid (n=654, 43.2%), followed by Rifampicin (n=645, 

42.8%), and Streptomycin (n=448, 30.0%).  

 

Table 9 Treatment outcomes vs clinical monitoring covariates N=1494 

Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Sputum smear microscopy  

 

Baseline sputum smear  

Not indicated 

Smear negative (-)  

Smear positive (+)  

Results pending 

 

1 Month 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

2 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

3 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

6 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

9 Months 

 

 

 

241 (16.1) 

629 (42.1) 

623 (41.7) 

1 (0.1) 

 

 

1360 (88.4) 

145 (9.7) 

29 (1.9) 

 

 

1483 (99.3) 

9 (0.6) 

2 (0.1) 

 

 

1484 (99.3) 

9 (0.6) 

1 (0.1) 

 

 

1492 (99.9) 

1 (0.1) 

1 (0.1) 

 

 

 

 

 

80 (33.2) 

175 (27.8) 

244 (39.2) 

1 (100) 

 

 

447 (33.9) 

44 (30.3) 

9 (31.0) 

 

 

497 (33.5) 

1 (11.1) 

2 (100.0) 

 

 

497 (33.5) 

2 (22.2) 

1 (100) 

 

 

499 (33.4) 

0 (0) 

1 (0.1) 

 

 

 

 

 

161.9 (66.8) 

454 (72.2) 

379 (60.8) 

0 

 

 

873 (66.1) 

101 (69.7) 

20 (69.0) 

 

 

986 (66.5) 

8 (88.9) 

0 (0.0) 

 

 

987 (66.5) 

7 (77.8) 

0 (0) 

 

 

993 (66.1) 

1 (100) 

0 (0) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

12 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

14 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

17 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)  

 

21 Months 

Not indicated 

Smear negative (-)  

Smear positive (+)\ 

 

1491 (99.8) 

2 (0.1) 

1 (0.1) 

 

 

1493 (99.9) 

0 (0) 

623 (41.7) 

 

 

241 (16.1) 

629 (42.1) 

0 (0) 

 

 

1492 (99.9) 

2 (0.1) 

0 (0) 

 

 

1491 (99.8) 

3 (0.2) 

0 (0) 

500 (33.5) 

0 (0) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

0 (0) 

 

 

499 (33.4) 

1 (50.0) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

0 (0) 

 

991 (66.5) 

2 (100) 

1 (100) 

 

 

993 (66.5) 

0 (0) 

1 (100) 

 

 

993 (66.6) 

1 (50.0) 

0 (0) 

 

 

992 (66.5) 

2 (100) 

0 (0) 

 

 

991 (66.5) 

3 (0.3) 

0 (0) 

 

Sputum culture 

 

Before diagnosis 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

Scanty 

 

1 Month 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

Scanty 

 

2 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

 

 

 

235 (15.7) 

225 (15.1) 

241 (16.1) 

450 (30.1) 

212 (35.4) 

1 (0.1) 

130 (8.7) 

 

 

756 (50.6) 

95 (6.4) 

109 (7.3) 

154 (10.3) 

315 (21.1) 

1 (0.1) 

64 (4.3) 

 

 

588 (39.4) 

95 (6.4) 

63 (4.2) 

46 (3.1) 

617 (41.3) 

2 (0.1) 

 

 

 

100 (42.6) 

69 (30.7) 

66 (27.4) 

148 (32.9) 

75 (35.4) 

1 (0.1) 

41 (31.5) 

 

 

325 (40.3) 

18 (18.9) 

25 (22.9) 

47 (30.5) 

68 (21.6) 

0 (0) 

16 (25.0) 

 

 

302 (51.4) 

24 (25.3) 

15 (23.8) 

13 (28.3) 

127 (20.6) 

2 (100) 

 

 

 

135 (57.4) 

156 (69.3) 

175 (72.6) 

302 (67.1) 

137 (64.6) 

0 (0) 

89 (68.5) 

 

 

431 (57.0) 

77 (81.1) 

84 (77.1) 

107 (69.5) 

247 (78.4) 

1 (0.1) 

48 (75.0) 

 

 

286 (48.6) 

71 (74.7) 

48 (76.2) 

33 (71.7) 

490 (79.4) 

0 (0) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Scanty 

 

3 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Scanty 

 

 

6 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Scanty 

 

9 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Scanty 

 

12 Months 

Not indicated 

+ 

+++ 

Negative 

Pending 

Scanty 

 

15 Months 

Not indicated 

+ 

+++ 

Negative 

Scanty 

 

18 Months 

Not indicated 

+ 

++ 

+++ 

Negative 

Pending 

Scanty 

 

83 (5.6) 

 

 

617 (41.3) 

53 (3.5) 

21 (1.4) 

23 (1.5) 

727 (48.7) 

53 (3.5) 

 

 

 

742 (49.7) 

16 (1.1) 

6 (0.4) 

15 (1.0) 

695 (46.5) 

20 (1.3) 

 

 

978 (65.5) 

8 (0.5) 

4 (0.3) 

2 (0.1) 

492 (32.9) 

10 (0.7) 

 

 

1048 (70.1) 

5 (0.3) 

5 (0.3) 

430 (28.8) 

2 (0.1) 

4 (0.3) 

 

 

1057 (70.7) 

5 (0.3) 

2 (0.1) 

426 (28.5) 

4 (0.3) 

 

 

1116 (74.7) 

1 (0.1) 

1 (0.1) 

2 (0.1) 

369 (24.7) 

2 (0.1) 

3 (0.2) 

 

19 (22.9) 

 

 

316 (51.2) 

14 (2.8) 

3 (14.3) 

10 (43.5) 

143 (19.7) 

14 (26.4) 

 

 

 

366 (49.3) 

7 (43.8) 

3 (50.0) 

6 (40.0) 

116 (16.7) 

2 (10.0) 

 

 

433 (44.3) 

4 (50.0) 

3 (75.0) 

2 (100) 

53 (10.8) 

5 (50.0) 

 

 

459 (43.8) 

3 (60.0) 

3 (60.0) 

31 (7.2) 

1 (50.0) 

3 (75.0) 

 

 

477 (45.1) 

2 (40.0) 

2 (100) 

19 (4.5) 

0 (0) 

 

 

488 (43.7) 

0 (0)  

1 (100) 

2 (100) 

8 (2.2) 

0 (0) 

1 (33.3) 

 

64 (77.1) 

 

 

301 (48.8) 

39 (73.6) 

21 (1.4) 

13 (56.5) 

584 (58.8) 

39 (73.6) 

 

 

 

376 (1507) 

9 (56.3) 

3 (50.0) 

9 (60.0) 

579 (83.3) 

18 (90.0) 

 

 

545 (55.7) 

4 (50.0) 

1 (25.0) 

0 (0) 

439 (89.2) 

5 (50.0) 

 

 

589 (56.2) 

2 (40.0) 

2 (40.0) 

399 (92.8) 

1 (50.0) 

1 (0.1) 

 

 

580 (54.9) 

3 (60.0) 

0 (0) 

407 (95.5) 

4 (100) 

 

 

626 (56.3) 

1 (100)  

0 (0) 

0 (0) 

361 (96.8) 

2 (100) 

2 (66.7) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

21 Months 

Not indicated 

++ 

Negative 

 

24 Months 

Not indicated 

Negative 

Pending 

 

 

1265 (84.7) 

1 (0.1) 

228 (15.3) 

 

 

1373 (91.9) 

120 (8.0) 

1 (0.1) 

 

493 (39.0) 

0 (0) 

7 (3.1) 

 

 

499 (36.3) 

1 (0.8) 

0 (0) 

 

772 (61.0) 

1 (100) 

228 (15.3) 

 

 

874 (63.7) 

119 (99.2) 

1 (100) 

Culture growth 

 

Before diagnosis 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

1 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

2 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

3 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

6 Months 

No indicated 

Contaminated 

MOTT 

 

 

 

655 (43.8) 

7 (0.5) 

6 (0.4) 

765 (51.2) 

32 (2.1) 

4 (0.3) 

25 (1.7) 

 

818 (54.8) 

20 (1.3) 

18 (1.2) 

475 (31.8) 

148 (9.9) 

11 (0.7) 

4 (0.3) 

 

 

723 (48.4) 

27 (1.8) 

17 (1.1) 

250 (16.7) 

428 (28.6) 

41 (2.7) 

8 (0.5) 

 

 

711 (47.6) 

39 (2.6) 

18 (1.2) 

97 (6.5) 

575 (38.5) 

50 (3.3) 

4 (0.3) 

 

 

848 (56.7) 

24 (1.6) 

17 (1.1) 

 

 

 

248 (37.9) 

4 (57.1) 

1 (16.7) 

229 (29.9) 

11 (34.4) 

0 (0) 

7 (28.0) 

 

342 (41.8) 

5 (25.0) 

7 (38.9) 

110 (23.2) 

35 (23.6) 

0 (0) 

1 (25.0) 

 

 

351 (48.5) 

3 (11.1) 

1 (5.9) 

50 (20.0) 

82 (19.2) 

12 (29.3) 

1 (12.5) 

 

 

341 (48.0)  

6 (15.4) 

5 (27.8) 

32 (33.0) 

103 (17.9) 

12 (24.0) 

1 (25.0) 

 

 

386 (45.6) 

5 (20.8) 

4  (23.5) 

 

 

 

407 (62.1) 

3 (42.9) 

5 (83.3) 

536 (70.1) 

21 (65.6) 

4 (100) 

18 (72.0) 

 

476 (58.2) 

15 (75.0) 

11 (61.1) 

365 (76.8) 

113 (76.4) 

11 (100) 

3 (75.0) 

 

 

372 (51.5) 

24 (88.9) 

16 (94.1) 

200 (80.0) 

346 (80.8) 

29 (70.7) 

7 (87.5) 

 

 

370 (52.0) 

33 (84.6) 

13 (72.2) 

65 (67.0) 

472 (82.1) 

38 (76.0) 

3 (75.0) 

 

 

461 (54.4) 

19 (79.2) 

13 (76.5) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

9 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

12 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

15 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

18 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

21 Months 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

 

24 Months 

29 (1.9) 

551 (36.9) 

24 (1.6) 

24 (1.6) 

 

 

1125 (75.3) 

14 (0.9) 

13 (0.9) 

11 (0.7) 

321 (21.5) 

7 (0.5) 

3 (0.2) 

 

 

1183 (79.2) 

17 (1.1) 

10 (0.7) 

13 (0.9) 

255 (17.1) 

12 (0.8) 

4 (0.3) 

 

 

1205 (80.7) 

21 (1.4) 

18 (1.2) 

8 (31.2) 

228 (15.3) 

12 (0.8) 

2 (0.1) 

 

 

1224 (81.9) 

28 (1.9) 

13 (0.9) 

6 (0.4) 

212 (14.2) 

10 (0.7) 

1 (0.1) 

 

 

1354 (90.6) 

10 (0.7) 

10 (0.7) 

1 (0.1) 

114 (7.6) 

2 (0.1) 

3 (0.2) 

 

 

20 (69.0) 

80 (14.5) 

5 (20.8) 

5 (20.8) 

 

 

450 (40.0) 

1 (7.1) 

2 (15.4) 

8 (72.7) 

37 (11.5) 

1 (14.3) 

1 (33.3) 

 

 

472 (39.9) 

2 (11.8) 

0 (0) 

8 (61.5) 

17 (6.7) 

12 (100) 

1 (25.0) 

 

 

484 (40.2) 

0 (0) 

0 (0) 

5 (62.5) 

10 (4.4) 

0 (0) 

1 (50.0) 

 

 

491 (40.1) 

0 (0) 

0 (0) 

2 (33.3) 

6 (2.8) 

1 (10.0) 

0 (0) 

 

 

494 (36.5) 

0 (0) 

0 (0) 

0 (0) 

5 (4.4) 

1 (33.3) 

1 (33.3) 

 

 

9 (31.0) 

461 (85.5) 

19 (79.2) 

19 (79.2) 

 

 

675 (60.0) 

13 (92.9) 

11 (84.6) 

3 (27.3) 

284 (88.5) 

3 (85.7) 

2 (66.7) 

 

 

711 (60.1) 

15 (88.2) 

10 (100) 

5 (38.5) 

238 (93.3) 

0 (0) 

3 (75.0) 

 

 

721 (59.8) 

21 (100.0) 

18 (100.0) 

3 (37.5) 

218 (95.6) 

12 (100.0) 

1 (50.0) 

 

 

733 (59.9) 

28 (100.0) 

13 (100.0) 

4 (66.7) 

206 (97.2) 

9 (90.0) 

4 (100.0) 

 

 

860 (63.5) 

10 (100.0) 

10 (100.0) 

1 (100.0) 

109 (95.6) 

2 (66.7) 

2 (66.7) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

No indicated 

Contaminated 

MOTT 

Mycobacterium TB 

No growth 

Other invalid 

Pending 

1444 (96.7) 

8 (0.5) 

3 (0.2) 

1 (0.1) 

35 (2.3) 

1 (0.1) 

2 (0.1) 

499 (34.6) 

0 (0) 

0 (0) 

0 (0) 

1 (2.9) 

0 (0) 

0 (0) 

945 (65.4) 

8 (100.0) 

3 (100.0) 

1 (100.0) 

34 (97.1) 

1 (100.0) 

2 (100.0) 

Chest X-ray 

 

Before diagnosis 

Not indicated  

Cavitation 

Clear (normal) 

Effusion 

Infiltration 

Lung destruction  

 

1 Month 

Not indicated  

Cavitation 

Clear (normal) 

Effusion 

Infiltration 

Lung destruction  

 

2 Months 

Not indicated  

Cavitation 

Effusion 

Infiltration 

 

 

3 Months 

Not indicated  

Cavitation 

Clear (normal) 

 

6 Months 

Not indicated  

Cavitation 

Infiltration 

 

9 Months 

Not indicated  

Cavitation 

Clear (normal) 

Infiltration 

Lung destruction  

 

12 Months 

Not indicated  

 

 

 

1048 (70.1) 

101 (6.8) 

13 (0.9) 

16 (0.9) 

267  (17.9) 

49 (3.3) 

 

 

1383 (92.6) 

36 (2.4) 

4 (0.3) 

5 (0.3) 

57 (3.8) 

9 (0.6) 

 

 

1488 (99.6) 

1 (0.1) 

1 (0.1) 

4 (0.3) 

 

 

 

1492 (99.9) 

1 (0.1) 

1 (0.1) 

 

 

1492 (99.9) 

1 (0.1) 

1 (0.1) 

 

 

1488 (99.6) 

1 (0.1) 

1 (0.1) 

3 (0.2) 

1 (0.1) 

 

 

1492 (99.9) 

 

 

 

368 (35.1) 

22 (21.8) 

3 (23.1) 

6 (37.5) 

88 (33.0) 

13 (26.5) 

 

 

471 (34.1) 

10 (27.8) 

1 (25.0) 

1 (20.0) 

16 (28.1) 

1 (11.1) 

 

 

498 (33.5) 

0 (0) 

0 (0) 

2 (50.0) 

 

 

 

499 (33.4) 

0 (0) 

1 (100.0) 

 

 

499 (33.4) 

0 (0) 

1 (100.0) 

 

 

500 (33.6) 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

 

 

498 (33.4) 

 

 

 

680 (64.9) 

79 (78.2) 

10 (76.9) 

10 (62.5) 

179  (67.0) 

36 (73.5) 

 

 

912 (65.9) 

26 (72.2) 

3 (75.0) 

4 (80.0) 

41 (71.9) 

8 (88.9) 

 

 

990 (66.5) 

1 (100.0) 

1 (100.0) 

2 (50.0) 

 

 

 

993 (66.6) 

1 (100.0) 

0 (0) 

 

 

993 (66.6) 

1 (100.0) 

0 (0) 

 

 

988 (66.4) 

1 (100.0) 

1 (100.0) 

3 (100.0) 

1 (100.0) 

 

 

994 (66.6) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Effusion 

Lung destruction  

 

16 Months 

Not indicated  

Cavitation 

 

18 Months 

Not indicated  

Infiltration 

 

21 Months 

Not indicated  

Clear (normal) 

 

24 Months 

Not indicated  

Cavitation 

Clear (normal) 

Infiltration 

1 (0.1) 

1 (0.1) 

 

 

1493 (99.9) 

1 (0.1) 

 

 

1493 (99.9) 

1 (0.1) 

 

 

1492 (99.9) 

2 (0.1) 

 

 

1480 (99.1) 

1 (0.1) 

6 (0.4) 

7 (0.5) 

1 (100.0) 

1 (100.0) 

 

 

499 (33.4) 

1 (100.0) 

 

 

500 (33.5) 

0 (0) 

 

 

500 (33.5) 

0 (0) 

 

 

500 (33.8) 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

 

 

994 (66.6) 

0 (0) 

 

 

993 (66.5) 

1 (100.0) 

 

 

992 (66.5) 

2 (100.0) 

 

 

980 (66.2) 

1 (100.0) 

6 (100.0) 

7 (100.0) 

Drug susceptibility 

 

Rifampicin 

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Isoniazid 

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Ethambutol  

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Pyrazinamide 

Not indicated 

Pending 

Resistant 

Susceptibility 

 

Kanamycin 

Not indicated 

 

 

 

721 (48.3) 

2 (0.1) 

4 (0.3) 

654 (42.8) 

113 (7.6) 

 

 

774 (51.8) 

2 (0.1) 

4 (0.3) 

645 (43.2) 

69 (4.6) 

 

 

836 (56.0) 

2 (0.1) 

2 (0.1) 

332 (22.2) 

322 (21.6) 

 

 

1445 (96.7) 

4 (0.3) 

22 (1.5) 

23 (1.5) 

 

 

1275 (85.3) 

 

 

 

271 (37.6) 

0 (0) 

2 (50.0) 

197 (30.1) 

30 (26.5) 

 

 

288 (37.2) 

0 (0) 

1 (25.0) 

185 (28.7) 

 

 

 

306 (36.6) 

0 (0) 

0 (0) 

101 (30.4) 

93 (28.9) 

 

 

490 (33.9) 

0 (0) 

6 (27.3) 

4 (17.4) 

 

 

433 (34.0) 

 

 

 

450 (62.4) 

2 (100.0) 

2 (50.0) 

457 (69.9) 

83 (73.5) 

 

 

486 (62.8) 

2 (100.0) 

3 (75.0) 

460 (71.3) 

 

 

 

530 (63.4) 

2 (100.0) 

2 (100.0) 

231 (69.6) 

229 (71.1) 

 

 

955 (66.1) 

4 (100.0) 

16 (72.7) 

19 (82.6) 

 

 

842 (66.0) 
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Characteristic Frequency (%) Treatment outcome 

Unsuccessful (%) Successful (%) 

Pending 

Resistant 

Susceptibility 

 

Streptomycin 

Not indicated 

Contaminated 

Pending 

Resistant 

Susceptibility 

 

Para-Aminosalicyilic acid  

Not indicated 

Pending 

Resistant 

Susceptibility 

 

Ethionamide 

Not indicated 

Pending 

Resistant 

Susceptibility 

 

O/Cipro-floxacin 

Not indicated 

Pending 

Resistant 

Susceptibility 

 

1 (0.1) 

34 (2.3) 

184 (12.3) 

 

 

848 (56.8) 

2 (0.1) 

2 (0.1) 

448 (30.0) 

194 (13.0) 

 

 

1482 (99.2) 

1 (0.1) 

1 (0.1) 

10 (0.7) 

 

 

1327 (88.8) 

3 (0.2) 

62 (4.1) 

102 (6.8) 

 

 

1317 (88.2) 

1 (0.1) 

36 (2.4) 

140 (9.4) 

0 (0) 

15 (44.1) 

52 (28.3) 

 

 

315 (37.1) 

0 (0) 

0 (0) 

129 (28.8) 

56 (28.8) 

 

 

499 (33.7) 

0 (0) 

0 (0) 

1 (10.0) 

 

 

451 (34.0) 

0 (0) 

21 (33.9) 

28 (27.5) 

 

 

444 (33.7) 

0 (0) 

18 (50.0) 

38 (27.1) 

1 (100.0) 

19 (55.9) 

132 (71.7) 

 

 

533 (62.9) 

2 (100.0) 

2 (100.0) 

319 (71.2)  

138 (71.1) 

 

 

983 (66.3) 

1 (100.0) 

1 (100.0) 

9 (90.0) 

 

 

876 (66.0) 

3 (100.0) 

41 (66.1) 

74 (72.5) 

 

 

873 (66.3) 

1 (100.0) 

18 (50.0) 

102 (72.9) 

* = significant p-value by multivariate logistic regression, MOTT=Mycobacterium Other Than 

Tuberculosis 

 

5.3.3 Association between clinical, treatment-related covariates and DR-TB 

successful treatment outcomes 

The clinical and medicine-related co-variates statistically significantly associated with 

successful treatment outcome included (Table 2), time to treatment (p<0.001), 

duration treatment (p<0.001), type of TB drug resistance (p<0.001), as well as type of 

pulmonary forms. (p<0.001). The frequency of treatment successful outcomes were 

lowest for patients with a time to treatment of 15 to 21 days (cOR= 1.1, 77.6%, N = 
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134, p=0.788) and 22 to 28 days (cOR=1.6, p=0.058).  The odds ratio for those who 

started treatment within 1 to 7 days was 0.5 (cOR=0.5, p<0.001) thus provides a 

protective effect, in that these patients will were less likely to have unsuccessful 

treatment outcomes. TB resistance types associated with more successful treatment 

outcomes were polyresistance (cOR=1.9, CI:1.488-2.394, p<0.001), as well as 

Rifampicin resistance (cOR=3.4, CI:1.717-6.686, p<0.001). Moreover, patients with 

TB affecting the lower lobe had significantly higher TSRs compared to other forms 

pulmonary DR-TB (cOR=1.2, CI: 0.877-1.559, p<0.001).Among patients with extra-

pulmonary forms, those with the type affecting abdomen had significantly more 

successful treatment outcomes (cOR=0.6, CI: 0.357-0.895, p=0.015). Notably, 

unsuccessful treatment outcomes were higher among patients treated for durations of 

less than 9 months (95.5%), 9 to 11 months (88.7%) as well as 12 to 18 months (68.9%) 

though not significantly. The following factors do not statistically impact treatment 

outcomes; respiratory illness (cOR=3217956369 p=1.000), gastrointestinal 

intolerance (cOR=3218050450, p=1.000), and pre-existing liver disease 

(cOR=3224458648, p=0.999); extra pulmonary DR-TB (cOR=0.3, p=0.185), 

extensive drug resistance (cOR=2.0, p=0.202), as well as having 4 previous TB 

treatments (cOR=0, p=1.0). 

 

5.4 Multivariate predictors of treatment success 

Table 6 summaries results of the multivariate logistic regression analysis conducted 

to identify predictors of drug resistant successful treatment outcome. The results 

suggest the following to be true independent predictors of DR-TB treatment success 

rates, sex, age, nationality, resistance, as well as pulmonary forms. Moreover, female 
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patients were 40% less likely to have successful treatment outcomes compared to 

males patients (aOR=0.6, 5% CI: 0.338, 0.892; p=0.015). Furthermore,  younger 

patients had better treatment outcomes, i.e. patients under 5 years of age had 90.0% 

increased risk of successful treatment outcome (aOR=0.1; 95% CI: 0.01, 0.42; 

p=0.005  

 

Additionally, Namibian nationals were 30 % more likely present with successful 

treatment outcomes compared to non-Namibians, (aOR=0.3; 95% CI: 0.089, 0.961; 

p=0.043). Patients with mono-resistance were over 7 times more likely to have 

successful treatment outcomes compared to other types of resistance (aOR=7.6; 95% 

CI: 1.427, 40.631; p=0.018). While, patients with bilateral disease had 80% decreased 

likelihood of successful treatment outcome (aOR=0.2, 95% CI: 0.057, 0.498; p=0.001) 

when compared to those with unilateral disease type. However, there was no further 

significant association of treatment outcome with alcohol abuse, as well as time to 

treatment.  

 

Table 10 Multivariate logistic regression for predictors of DR-TB Successful 

Treatment Outcomes in Namibia 

 

Covariates 

 

Adjusted odds Ratio (aOR) 

95% Confidence Interval 

 

p-value 

Sex 

Female 

 

0.6 (0.338, 0.892) 

 

0.015* 

Age groups 
Under 5 years 

5 – 14 years 

15 – 24 years 

25 – 34 years 

35 – 44 years 

45 – 54 years 

55 – 64 years 

 

0.1 (0.007, 0.421) 

0.0 (0.002, 0.269)  

0.3 (0.068, 1.055)  

0.5 (0.140, 1.802)  

0.3 (0.091, 1.213)  

0.4 (0.103, 1.617)  

0.3 (0.055, 1.349) 

 

0.005* 

0.002* 

0.060 

0.290 

0.095 

0.202 

0.111 
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* = significant p-value by multivariate logistic regression 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nationality  

Namibian 

Non-Namibian 

 

0.3 (0.089, 0.961)  

0.6, (0.287, 1.078) 

 

0.043* 

0.082 

Alcohol abuse 

No 

Yes 

 

0.6 (0.122, 2.686) 

1 

 

0.479 

Time to treatment  
1 to 7 days 

8 to 14 days  

15 to 21 days 

22 to 28 days 

Over 28 days 

 

1.6 (0.702,  3.446)  

1.0 (0.495, 1.990)  

1.0 (0.345,  2.620)  

1.7 (0.584, 4.828)  

1.0 (0.451, 2.167) 

 

0.277 

0.982 

0.921 

0.336 

0.977 

Treatment duration  
Less than 9 months 

9 to 11 months 

12 to 18 months 

19 to 24 months  

Over 24 months 

 

217981941380.6 (0)  

56.0 (20.651, 151.688)  

0.8 (0.301, 2.158)  

500.7 (121.936, 2055.779)  

808.2 (249.042, 2622.792) 

 

0.996 

0.000 

0.668 

0.000 

0.000 

Resistance type  
Extensive drug-resistance 

Mono-resistance 

Multidrug-resistance 

Poly-resistance 

Rifampicin resistance 

 

1.0 (0.123, 8.579)  

7.6 (1.427, 40.631)  

1.0 (0.366, 2.562)  

0.6 (0.358, 1.063)  

0.4 (0.099, 1.449) 

 

0.980 

0.018* 

0.948 

0.082 

0.156 

Pulmonary forms 
Bilateral disease 

Unilateral lower lobe 

 

0.2 (0.057, 0.498)  

0.9 (0.476, 1.572) 

 

 

0.001* 

0.635 
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6. DISCUSSION 

The study aimed to determine predictors of treatment success treatment outcomes 

among patients notified with drug resistant tuberculosis (DR-TB) in Namibia, over a 

5-year period, 2014 to 2019. The secondary objective of the study was to determine 

treatment success rates among DR-TB patients based on various sociodemographic, 

clinical and treatment characteristics.  

 

The study found a suboptimal treatment success rate for DR-TB for the 5-year period, 

compared to the global target (i.e. 66.5% versus 90%), this was however higher than 

the 57% global average reported in 2019 (1,12). The TSR among patients in the present 

study treated for DR-TB in Namibia increased from 42% in 2009, to 66.5 in 2017.The 

independent predictors of treatment success rates in DR-TB, i.e. completion or cure of 

DR-TB, were majorly patient socio-demographic including; female sex, younger age 

(< 14 years) and being a Namibian versus a foreign national. The clinical predictors of 

TSR for patients with DR-TB included, having mono-resistance versus MDR-TB or 

XDR-TB and bilateral pulmonary vs EPTB forms of DR-TB at baseline. The DR-TB 

treatment regimen and programmatic factors such type of DOTS-supporter or 

treatment site were not significant predictors of TSR among DR-TB patients.   

 

6.1 Characteristics of study-subjects 

6.1.1 Socio-demographic characteristics 

In this study, most of the DR-TB patients were male, young or middle-aged (21-49 

years), and reside in a central business and/or border districts of Namibia. Similarly, 

studies in sub-Saharan Africa report a high prevalence of DR-TB among middle-age 

males, attributed to their high risk of exposure to TB through alcoholism, HIV, urban 
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and cross-border migration (5,7,10,23,26–28). This highlights a critical population to 

targeted preventative and treatment programs to improve DR-TB control and treatment 

outcomes.  

 

6.1.2 Clinical characteristics of study-subjects 

The study reports various forms of DR-TB, with pulmonary and genital urinary the 

most common, and multi-drug resistant TB (MDR-TB) more prevalent than mono-

resistance to rifampicin- (RR-TB) or other TB medicines. Half of the MDR-TB 

patients with baseline fluoroquinolone (Ofloxacin /Ciprofloxacin) resistance had 

unsuccessful treatment outcomes. A number of new DR-TB cases had co-morbidities, 

particularly HIV, diabetes, cardiovascular disease. This is a concern, given that 

previous studies identify HIV/AIDS and diabetes as risk factors for poor treatment 

outcomes among TB patients (5,8) The wide variability in the clinical characterizes of 

DR-TB disease among cases calls for further research towards individualization of 

DR-TB treatment, rather than follow a public health approach to treatment in order to 

optimize treatment outcomes.  

 

6.2 Treatment success rates among patients with DR-TB in Namibia 

6.2.1 Treatment success rates in DR-TB 

The study found a sub-optimal TSR for DR-TB in Namibia compared to the WHO 

global target (i.e. 66.5% vs 90%). Importantly, as previously reported by Kibuule et 

al, even TSR among patients with DR-TB are reported as treatment completed (40.8%) 

rather than cured, this is a concern given that the lack of bacteriological assessments 

at the end of treatment is a risk for extreme drug resistance (Table 2) (26). Moreover, 

the TSR for DR-TB varied widely across the 14-geopolitical regions of Namibia (1). 
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Nevertheless, the finding concur with a global meta-analysis that reported pooled 

TSRs for MDR-TB and XDR-TB as of 58.4% and 27.1% respectively (34). It is not 

surprising, that the TSR among DR-TB patients in this study were much lower than 

those in patients notified with drug sensitive TB patients in Namibia or globally 

(1,12,22,23). Alarmingly, the TSR for DR-TB remain low in spite of the declining 

incidence and increased community-based interventions in Namibia. For instance, the 

study reports a two-third decrease in the incidence of DR-TB cases in Namibia after 

implementation of community-based programmes during medium-term plans III 

(MTP-III) implemented from 2016-2020, compared to MTP-II (2010-2015). This, 

suggests that the implementation of community-based programmes for DR-TB during 

MTP-III, needs to be strengthened in elimination of the disease, given than that DR-

TB requires longer periods of treatment (12).  However, though the global incidence 

of TB has been decreasing since 2012, the reduction is not foreseen to meet projections 

to eradicate TB worldwide (1,12). 

 

To-date, few studies document TSR in patients with DR-TB, , such as that in Pakistan  

and Korea among patients with MDR-TB, which reported a TSR of 60% and 66% 

respectively, similar to the findings of the present study (8,9,23). Another multicenter 

study carried out in Estonia, Latvia, Philippines, Russia, and Peru reported a similar 

rate (8,9,23). On the contrary, other studies conducted in Kenya, Malaysia, Ethiopia 

and Tanzania report  higher TSR-among patients with DR-TB as 82.4%, 79.5%, 78.6% 

and 75.7% respectively (5,15,22,23). On the other hand,  studies India, China, 

Morocco and South Africa report lower TSR for DR-TB than found in the current 

study 47.6%, 57%, 53% and 42% respectively (4,7,10,25,35). It is important to note 

there is a wide variation in TSR among DR-TB patients across settings and research 
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methodology, given that some studies were single centered, while others multicenter, 

or national or cross national. Thus there is an urgent need to standardize the survey 

approach and routine surveillance to identify the setting specific modifiable factors to 

improve treatment outcomes.   

 

In the current study, death and treatment default among DR-TB patients were the main 

unsuccessful treatment outcomes, and were higher than the WHO global targets of less 

than 5% (1,12). This finding of death and default as the most prevalent unsuccessful 

treatment outcomes is consistent with a study in Namibia by Kibuule et al among 

patients with drug sensitive TB in Namibia (26). Treatment default is identified as a 

major barrier to ending TB globally by 2035, and this demands innovative 

interventions such as community-based programmes to strengthening patient 

retention. Similar studies in LMIC and Namibia report high death and default rates as 

important bottlenecks to attaining the 90% global TSR target (12). The findings of the 

current study  concur with those of other studies conducted in South Africa and 

Pakistan, that treatment default, healthcare system as well as socio-demographic and 

clinical factors as important factors that predict successful treatment outcomes in DR-

TB (5,7,10,23,26–28). 

 

6.3 Univariate predictors of TSR among patients with DR-TB in Namibia 

6.3.1 Impact of DR-TB disease severity on TSR  

In the current study, DR-TB patients with bilateral forms of the disease had a decreased 

likelihood (83%) of successful treatment outcome compared with unilateral or extra 

pulmonary forms. Similarly, previous studies conducted in Namibia and China also 

report the association extensive forms of TB disease as predictors of unfavorable 
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MDR-TB treatment outcomes (8,9). Also, there is evidence of extra pulmonary 

complications to be predictors unsuccessful outcomes (5,20). 

 

This study reports that DR-TB patients with cavitation baseline had lower TSRs 

compared with those normal CXRs. This is consistent with findings studies conducted 

in Korea and Ethiopia that attributed unsuccessful treatment outcomes among MDR-

TB patients to cavitary disease (23,31). However, these findings contradict those of a 

study in Tanzanian that reports the presence of cavities in chest radiographs to be 

negatively associated with high mortality among patients with MDR-TB (7). In other 

studies, cavities on the baseline chest radiograph are identified as a predictor of 

bacterial load, longer conversion times and poor DR-TB outcomes. Moreover, Riele 

et al report that the extent of XDR-TB radiological disease scores are associated with 

adverse clinical outcomes, including mortality, in HIV uninfected persons in TB 

endemic settings (36). The findings of the current study corroborates the evidence 

regarding the severe forms of DR-TB disease have a negative impact on TSR, there is 

need for early diagnosis to identify bilateral and extra-pulmonary disease in order to 

initiate the correct treatment aggressively as early as possible before progression to 

high risk forms, as well as strengthening preventative measures. 

 

6.3.2 Impact of HIV and Diabetes on TSR among patients with DR-TB  

In this study successful treatment outcome in DR-TB was not significantly associated 

no HIV co-infection. An South Africa found HIV co-infection not to be associated 

with successful treatment outcomes (10). While studies in Malaysia, Estonia, Latvia, 

Philippines, Russia, and Peru as well as among drug susceptible TB  patients in 

Namibia, reported HIV coinfection as a significant predictor of poor DR-TB treatment 
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outcomes (5,8). Also, Atif et al, found that HIV-negative status increased the 

likelihood of successful treatment in Pakistan (OR 3.5, 95%CI 1.4-8.9) (23).  

 

Successful treatments in DR-TB outcome were also not found to be significantly 

associated with diabetes in the current study. The findings from our study are in 

agreement with the aforementioned South African study in which diabetes as a 

comorbidity was not associated with treatment outcomes (10). This is also in contrast 

with the studies done in Malaysia, Estonia, Latvia, Philippines, Russia, Peru, and drug 

susceptible TB patients in Namibia which reported diabetes mellitus as a significant 

predictor of poor DR-TB treatment outcomes (5,8).  

 

These discrepancies may be explained by shortcomings in the Pakistani study’s study 

design being retrospective and there was some missing data only 124 HIV positive 

patients (n=8.3%), and 11 diabetics (0.7%) were captured and HIV and diabetes 

mellitus not being identified as a significant predictors of successful outcomes during 

multivariate analysis. Notably, in other studies diabetes is increasingly being 

recognized as both accelerating TB disease as well as complicating TB treatment by 

increasing risk of TB disease i.e., it complicates TB treatment, and increases the risk 

of a poor TB outcome (25). There is need for further investigation to understand the 

impact of these co-morbid conditions, particularly HIV and diabetes with DR-TB in 

the Namibian context using prospective studies, in order to make inventions targeted 

at DR-TB patients with these co-morbidities. Diabetes mellitus (DM) is an 

increasingly recognized comorbidity that can both accelerate TB disease and 

complicate TB treatment. 
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6.3.3 Impact of baseline sputum tests on TSR among patients with DR-TB in 

Namibia 

Sputum smear microscopy, sputum culture, culture growth, and drug susceptibility 

were among the baseline sputum tests carried out at diagnosis and thereafter for 

treatment monitoring during the current study. Despite no results of baseline sputum 

tests being found to be significantly associated with treatment outcomes in DR-TB 

patients; negative baseline smears, and those that grew MOTT, followed by 

mycobacterium TB had higher TSRs compared to others. It was noted that carrying 

out and capturing of sputum tests with their results reduced exponentially over time 

following baseline recordings. This is despite these importance of baseline sputum 

tests in TB treatment monitoring and indicating patient degree of infectiousness (13). 

This may be explained by low resource countries, such as Namibia, not commonly 

carrying out TB treatment monitoring tests as done in high resource settings (26).  

 

Contrary to the findings of the current study, studies in Korea, Estonia, Latvia, 

Philippines, Russia, and Peru  found that negative baseline sputum smear predict 

successful treatment outcomes among DR-TB patients (8,9). Moreover, in an earlier 

study in Namibia among drug susceptible TB patients Kibuule and colleagues found 

that sputum non-conversion at month two to be an important risk factors for 

unsuccessful treatment outcomes in drug-susceptible TB (26). In the aforementioned 

study, the need reduce reliance on sputum smear microscopy, through scaling up rapid 

TB testing and drug resistance in the community-based DOTS programme for early 

diagnosis in order to improve the quality of TB case-management at all levels of care 

was highlighted (26). Moreover, sputum test have been reported to fall short in 

sensitivity especially in HIV positive patients, children and extrapumonary disease 
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(37). DR-TB patients with positive sputum smears at baseline require early and 

aggressive treatment to improve treatment success rates.  

 

6.3.4 Impact of time-to-treatment initiation tests on TSR among patients with 

DR-TB  

 Impact of time to treatment initiation on outcomes could not be demonstrated, 

however efforts for more patients to be initiated treatment promptly should be made. 

It is however, evident that early treatment initiation appears to leads to more successful 

treatment outcomes. It was observed that DR-TB time-to-treatment in the TB 

Namibian programme was delayed as compared to a South African cohort, in which 

the median time-to-treatment was 11 days (range: 0-180) (38). Similarly, in an 

Ethiopian study the median time to commence treatment after diagnosis was 8 (IQR: 

3–37) days; and reasons for delayed treatment initiation included diagnosis by Line 

probe assay [aOR = 5.59; 95% CI: 3.48–8.98], culture [aOR = 5.15; 95% CI: 2.53–

10.47], and history of injectable anti-TB drugs [aOR = 2.12; 95% CI: 1.41–3.19] (15). 

Despite past studies being in similar high burden settings, the differences in the 

findings may be explained by more aggressive approaches used by these two countries. 

Notably, South Africa has been a leader globally in RR-TB, introducing innovation 

and impacting global DR-TB policy (38,39). While there projects in Ethiopia such 

focusing on strengthening laboratory detection and diagnostic capacity in health 

facilities, and expanding access to better quality TB care and treatment services (40). 

These are lessons the Namibian programme can adapt. In the Namibian TB 

programme, DR-TB is diagnosed using Xpert MTB/RIF and results are available 

within twenty four hours, additionally the decentralization of services has been 

implemented to avoid delays in treatment, but all these efforts have apparently not 
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translated into a sufficient decrease in treatment delay reduces times to treatment (3). 

There is increasing evidence that early aggressive treatment using at least four 

effective drugs improves treatment outcomes in  MDR-TB/XDR-TB patients (9). 

Starting DR-TB treatment promptly is important in achieve treatment cure and 

reducing the further spread of DR-TB. Hence, there is need for future studies to better 

understand reasons for delay in initiation of treatment despite there being clear 

guidance including decision flow-chart for DR-TB treatment initiation in National 

treatment guidelines (3).  

 

6.3.5 Impact of baseline TB resistance forms on TSR among patients with DR-TB  

The current study found a higher number of DR-TB patients with mono-resistance to 

have significantly higher rates of treatment success than those with polyresistant and 

XDR-TB forms. Notably, earlier studies in Namibia and China reported history of TB 

treatment and pre-XDR-TB to be predictors of poor MDR-TB treatment outcomes 

(8,9). In Tanzania, Leveri and colleagues reported streptomycin and ethambutol 

resistance (aOR 4.67) to be predict cure in MDR-TB; while resistance to ethambutol 

was associated with decreased chance of being cured (aOR 0.34) (7). Other studies 

have identified other TB drug resistance as predictors of treatment outcome, such as 

ofloxacin resistance was found to inversely influence MDR-TB cure in Uganda (19); 

while resistance to kanamycin was a risk factor for poor treatment outcome in Portugal 

(29). All in all, the evidence suggests that resistance type, notably MDR and XDR-TB, 

has a negative impact on successful treatment outcome. Hence, there is need to prevent 

the further emergence and prevalence of resistant strains, to achieve more successful 

TB treatment outcomes advise similar to that given in in Korea is that MDR-TB 

patients require special attention (14). There is need to pay special attention to patients 
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exhibiting resistance to fluoroquinolones, kanamycin, ethionamide, ethambutol, and 

rifampicin at baseline in Namibia as well. In Saudi Arabia, risk factors for developing 

drug-resistant, including  male sex (OR 5.76, 95% CI 2.02-16.42), smoking (OR=4.61, 

95% CI 1.86-11.38), and positive Acid Fast Bacilli smear on admission (OR=40.15; 

95% CI 9.01-178.91) (41). Moreover, TB patient population need to be modelled in 

order to estimate the conversion  rates of susceptible populations to mono-resistant TB 

and severe forms of resistance in the Namibian population, and treatment pathways 

and individualized schedules determined thereof for high risk populations 

(3,17,42,43). The implementation of policy to identify and monitor tuberculosis 

patients as risk of resistance should be explores in an effort to prevent drug resistance. 

 

6.3.6 Impact of DR-TB regimen on TSR among patients in Namibia 

6.3.6.1 Duration of DR-TB regimen on TSR among DR-TB patients in Namibia 

The average DR-TB treatment duration in Namibia, 18 months (ranged, 6-50 months) 

(IQR 21-26), was within the WHO recommended treatment duration of 6–20 months 

(1). Although treatment regimen was not always captured on eTB manager for most 

subjects, this reveals that most DR-TB cases in Namibia were uncomplicated as the 

majority of patients were managed using the Standardised Short Regimen for selected 

DR-TB patients (13). The standardised regimen has the advantage of being less 

expensive, have less toxic, and has the potential for improved adherence and overall 

treatment outcomes (13). Though not statistically significant, unsuccessful treatment 

outcomes were observed less frequently amongst patients treated for shorter durations 

of less than 9 months (n=11, N=242), while high TSR were observed among patients 

treated between 19 to 24 months (96.4%, n=815, N=845).  An earlier Korean study 

reported longer median treatment durations of 43 months (range, 3–132 months) in 
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XDR-TB patients, and 25 months (range, 1–136 months) in non–XDR-TB patients 

(p=0.003), however treatment duration was not found to influence treatment outcome 

(44). All in all, the results suggest that shorter treatment durations (<9 months) impacts 

TSR negatively. The finding talk to current WHO as well as National Tuberculosis 

and Leprosy Programme (NLTP) guidance on treatment durations in the management 

of DR-TB with shorter 9-11 months regimens in uncomplicated cases and those not 

eligible, 15-20 months individualized regimens that should be continued in the 

programme (3,43) .  

 

6.3.6.2 Impact of co-medication regimen on TSR among DR-TB patients in Namibia 

The current study did not find any significant impact of co-medications on TSR among 

DR-TB patients. This may be due to missing data on co-medications, particularly 

Isoniazid preventative therapy (IPT) and cotrimoxazole preventative therapy (CPT). 

Notably more than half of patient treatment regimens were not recorded. Most patients 

were on the standardised short regimen, while the highest TSR was observed in 

patients taking the standard TB regimen (71%). However, type of treatment regimen 

was not found to predict treatment success. In a study among drug susceptible TB 

patients in Namibia, Kibuule et al also did not find significant association between that 

treatment success and co-medication with ARVs, isoniazid preventative therapy (IPT) 

and cotrimoxazole preventative therapy (CPT) (26). Two earlier studies have shown 

that up to 75% of the patients do not achieve optimal drug levels and adjustments of 

doses of TB medications, and addressing this is likely to improve treatment outcomes 

in drug susceptible TB patients (6,45). The same can be believed to be true in drug 

resistant forms of tuberculosis, and need further exploration in Namibia through 

Therapeutic Drug Monitoring (TDM). TDM is a useful tool used in DR-TB to prevent 
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acquired drug resistance of fluoroquinolones and optimize outcomes by timely drug 

therapy adjustments (6,46). This service is not  fully available in the Namibian public 

health service, this is similar to other developing countries (6). The current study 

provided limited data on co-medication, there is therefore need for coordination and 

improvement in data capturing by clinicians and administrative staff to have better 

informed future interventions. Additionally, a TDM service spearheaded by clinical 

pharmacists needs to be implemented in the Namibia TB programme as it can yield 

clinical value and cost-effectiveness in terms of improved TSRs in DR-TB like in other 

settings (9).  

 

6.3.6.3 Impact of Adverse drug reactions on TSR among patients in Namibia 

The current study found the prevalence of adverse drug reaction (ADRs) among DR-

TB patients to be higher than that reported in literature (47–52). A total of eighty-nine 

(89) ADRs mainly of grade 1-2 (70/1494, 0.05%), and related to cutaneous and 

gastrointestinal ADRs were reported during the study period. There was no significant 

association between the occurrence of ADRs and DR-TB treatment outcomes, and 

ADRs were most frequently reported among patients with successful treatment 

outcomes. An earlier study in Namibia reported more ADRs, 141 adverse events of 

varying severity experienced in 90% (53/59) of patients (6). The aforementioned study 

differed from the current in design, being a cross sectional descriptive study of 59 DR-

TB patients district hospital DR-TB ward. While, the current study is a study of the 

national dataset, it being retrospective in nature could mean that data on ADRs might 

not have been captured.  
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There is increasing evidence on under reporting and/or haphazard recording of adverse 

drug reactions by facilities, due to various programmatic factors in Namibia (53). This 

is a concern, given that second-line anti-TB drugs, particularly the new medicines such 

as Bedaquiline and delamanid require active post market surveillance and are 

associated with life threatening adverse drug events (2,3,17). Likewise, past studies 

have associated high rates of death and defaulting among TB patients to be due to 

various factors including ADRs (54). In 2012, Sagwa et al., studied the burden of 

adverse events (AE) during treatment of DR-TB in Namibia and found averse events 

of varying severity to be common (gastrointestinal tract AEs were most common, 

followed by tinnitus, joint pain and decreased hearing) (54). This was particularly in 

the intensive phase of therapy, with some ADRs being more prevalent in patients co-

infected with HIV (i.e. abdominal pains, rash, nausea, decreased hearing and joint 

pain); while about 10% of patients experienced serious adverse events (54). 

 

The Namibia Therapeutics Information and Pharmacovigilance Center (TIPC) has 

reported that there was limited reports on the new TB and repurposed medicines during 

2020 (55). In addition to the decline in the overall number of reports received, those 

received are missing critical information such as reaction observed, drug name, date 

event started, as well as dates drugs were started (55). The implementation and roll out 

of the active drug-safety monitoring (aDSM) system for newer anti-TB and ART has 

also been delayed due to the Coronavirus disease 2019 (COVID-19) pandemic, there 

are however plans to commence between July and September 2021 (55,56). It is 

suggested that ADRs negatively influence treatment outcomes in DR-TB patients. The 

under and haphazard reporting of ADRs in Namibia is concerning. Therefore, there is 

need for improved pharmacovigilance activities in order to identify adverse drug 



64 

 

reactions as well as simplifying the reporting of ADRs (56). This is in addition to 

efforts to improve the identification, capturing and report of these ADRs, as well as 

monitoring and management of ADRs adverse events by clinicians, including 

pharmacists. 

 

6.3.7 Impact of programmatic factors on TSR among patients in Namibia 

In the current study, most patients were notified during the Medium-Term Plan for TB 

period II (MTP-II, 2010-2017), at the national TB hospital. TSR varied with the 

strategy employed by the TB programme, and was higher during the MTP-III (67.1%), 

when community-based approaches were advanced, compared to MTP-II (66.5 %) 

(Figure 3). This is reflective of improvements in the Namibian TB programme and the 

scaling up of efforts to end TB in Namibia (32). This was done by increased access to 

services aimed at achieving the ambitious targets, calling for increased human and 

financial resources and close collaboration between various stakeholders (32). The 

results are consistent with reports in other low-and-middle-income and high TB burden 

countries, as well as the local TB and leprosy reports showing minimal increase in DR-

TB cases in the past five years (1,12). However, these results need further 

improvement to cure 90% of patients in Namibia. The results of DR-TB treatment may 

be improved by strategically using the identified predictors of success and mitigating 

risks for unsuccessful outcomes in Namibia. Notably, no programmatic covariate were 

found to be significantly associated with DR-TB treatment outcomes. The study also 

found that despite most DR-TB patients being notified by district hospitals, higher 

TSR were observed among patients managed at an Intermediate versus District 

hospital or Primary Health Care (PHC) (68.2% vs 65.3%), and those notified in 

Omaheke region which borders Botswana (Table 1). Our findings suggest that TSR 
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are higher at a secondary or tertiary level of care compared to community-based or 

primary health care level. This is consistent with a study in Malaysia that reported 

patients managed at health centers and hospital to be at a risk of unsuccessful treatment 

outcomes (5). As part of Pillar III of The END TB Strategy on Intensified Research 

and Innovation, there is need for further research, as well as the modelling of DR-TB 

care at intermediate hospitals at other levels of care in order to optimize outcomes 

among patients (13). In many countries, one of the walls to acceptable access to DR-

TB treatment is management being centralized and too reliant on hospital-based 

models of care (13). Hence, there is need for advocacy to service decentralization and 

more ambulatory care models of care  (13).  

 

Kibuule et al., in Namibia studied the predictors of TB TSRs under DOTS and found 

DOT regimen to be one of the independent predictors (26). Similarly, the history of 

receiving DOT has been a reported risk factor for poor treatment outcomes in MDR-

TB patients (7). In the Korean study, it was also found that factors such as receiving 

any assistance from a TB programme, better patient knowledge of the disease, as well 

as higher level of trust and support from nurses and doctors were associated with more 

successful MDR-TB treatment outcomes further corroborating these findings (9). The 

data available was no sufficient to ascertain the impact of programme–related factors 

on DR-TB treatment outcomes, hence further research focusing on this needs to be 

carried out in Namibia. 

 

6.4 Multivariate Predictors of TSR among patients with DR-TB in Namibia 

Overall, the independent predictors of treatment success in patients with DR-TB were 

sociodemographic, clinical and programmatic characteristics. 
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6.4.1 Socio-demographic predictors of TSR in patients with DR-TB  

In this study, the independent sociodemographic predictors of treatment success 

among patients with DR-TB in Namibia were female sex, young age (<14 years), and 

holding Namibian citizenship versus foreigner (Table 4). These findings are identical 

to those of studies conducted in Kenyan in 2016 and Pakistani in 2017, the later 

reporting the females sex to predict treatment success (OR 3.9, 95%CI 1.47-10.12) 

(20,21). A study in Malaysia concurs with our findings, and identified male sex (OR 

1.4, 95%CI 1.26–1.60) as a risk factor for poor DR-TB treatment outcomes (5). 

Oyefabi et al, had conflicting findings that being male (p=0.001) is significantly 

associated with treatment success in MDR-TB patients in Nigeria, however this study 

applied bivariate analysis and did not adjust for other variables other than sex (24). 

Similarly, the findings of the current study concur with the Malaysian study that also 

identified foreign citizenship (OR 2.5, 95%CI 2.11–3.02) as a risk factor for poor 

treatment outcomes in drug resistant TB (5). Kibuule et al suggests that LTFU among 

expatriate TB patients in Namibia to be due to challenges with cross border follow-up 

of patients (26). 

 

Contrary to our findings, studies give conflicting reports regarding age of the patient 

and TSR. A Malaysian study shows negligible impact (OR 1.0, 95% CI 1.01–1.02), 

whilst studies in Ethiopia (>35 years) and Pakistan identified older age (OR 0.25, 

95%CI 0.08-0.83) to predict unsuccessful treatment outcomes (5,19,20). Similar 

studies in Ethiopia report that as age increases, the risk of unsuccessful treatment 

outcome increase; 1-year increase in age shortens the time to have a poor treatment 

outcome by 3% (20). Alemu et al postulates that this may be explained by impairment 
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of immune state of individuals with advanced age (20). Additionally, higher TSRs was 

observed among Namibian nationals compared to others. However, a systematic 

review by Weiss et al as well as a study by Mibei et al in Kenya found no association 

between age and successful treatment outcomes, this is different from our findings 

while found younger age <14 year to predict treatment success, notably the meta-

regression failed to identify any factors associated with treatment success possibly due 

to the heterogeneity of the population (21,22).  

 

The study did not find smoking and use of alcohol as significant predictors of TSR 

among DR-TB patients. Nevertheless, previous studies in have identified additional 

predictors of treatment unsuccessful outcomes among TB patients including smoking 

(5,7,18,25,41), and rural residence (14,15,18,20,57), lower level of education and 

alcoholism (5,8). Unlike other studies, alcohol abuse/misuse/alcoholism was not 

identified as a predictor of treatment outcome in the current study (5,8,19). Earlier 

studies have differing concluding on alcohol was identified misuse/alcoholism as a 

predictor of unsuccessful TB treatment in Malaysia as well as a multicenter study in 

Estonia, Latvia, Philippines, Russia, and Peru (5,8). In our study, though not 

statistically significant, alcohol abuse appears to reduce TSR and needs further 

investigation as missing data may have influenced. The abovementioned findings are 

suggestive that there is need for the development and implementation of policies 

targeted at males, non-nationals and older patients. This is due to the reason that these 

patient groups appear to be at higher risk of defaulting treatment failure, LTFU and 

death. In addition to the patient-centered approaches and psychosocial support 

measures available to DR-TB patients in Namibia; we recommend intensified 

adherence interventions, such as patient education and counseling; the introduction of 
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cross border patient follow-up programme; reminders and tracers; as well as digital 

health technologies targeted at this patient population as suggested in the literature 

(42,58). Moreover there is a need to investigate several other demographic 

characteristics identified as increasing risk of poor outcomes by earlier studies in 

similar settings such as type of residence (e.g. rural), low BMI, smoking status, 

employment status, socio-economic status and education level were not assessed in the 

current study (5,9,15,19,20,41). 

 

6.4.2 Clinical predictors of TSR among patients with DR-TB in Namibia 

This study identified the following clinical factors as independent predictors of 

treatment success among DR-TB in Namibia: mono-resistance TB at baseline, and 

bilateral forms of pulmonary TB disease (Table 4). Co-morbid respiratory illness, 

gastrointestinal intolerance, and pre-existing liver disease; extra pulmonary DR-TB 

type; treatment duration as well as the number of previous TB treatments completed 

were not found to be clinical covariates that predict DR-TB success in this study. 

Whilst the findings of this study concur with one in South Africa (10), they are contrary 

to other studies that report no association between positive baseline smear and HIV 

infection with unsuccessful treatment outcomes (8–10). This may be explained by 

similarities in the Namibian and South African TB programmes or missing data not 

allowing this relationship widely documented in literature. This is not different from 

other LMIC and 30 high TB burden nations.  Notably, most of these studies were 

retrospective cohorts and systematic reviews that had on average a similar number of 

patients. 
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Contrary to the findings of the present study, positive baseline sputum smear, HIV, 

diabetes mellitus, and a history of multiple disease treatment were found to predict 

unsuccessful treatment outcomes in studies conducted among MDR-TB patients in 

Estonia, Latvia, Philippines, Russia, Peru, and Korea (8,9). While the present study 

found no significant association of no HIV infection and successful outcomes, Atif et 

al found that HIV-negative status increased the likelihood of successful treatment (OR 

3.53, 95%CI 1.4-8.9) among DR-RB patients in Pakistan (23). Park discussed TB 

treatment outcome predictors, including drug resistant types, highlighting that 

conversion of serial sputum culture results from positive to negative, the 

aforementioned study agreed that drug-resistance is a significant indicator of treatment 

response and infectious states in pulmonary TB, and hence the WHO recommends 

evaluating sputum smear and culture status six months after starting MDR-TB 

treatment (43,59).  

 

Contrary to findings in this study, several other studies found predictors of poor 

treatment outcomes, to also include negative baseline sputum smear, low BMI <18.5 

kg/m2 and hypoalbuminemia, time-to-initiate treatment following notification and 

diagnosis; HIV and diabetes mellitus comorbidities; positive smear at the start of 

treatment, absence of a BCG vaccination scar, other co-morbidities, advanced chest 

radiography findings, extensive disease, MDR-TB, pre-XDR-TB, cor pulmonale, 

number of previous TB-treatments, and extra-pulmonary TB (5,7–9,15,20). In 

addition, cavitary disease was found to be a predictor of unsuccessful treatment 

outcomes in Korean (19); and undergoing a surgical resection was found to be 

associated with successful treatment outcomes (9). Despite the conflicting findings 
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regarding the influence of negative and positive baseline sputum smear, HIV infection, 

low BMI as well as nutritional status on treatment outcomes (5,8,9,15,23), predictors 

identified by other studies also need to be studied prospectively in the Namibian 

context. 

 

The results of the current study propose that the following DR-TB patients need special 

attention for better treatment outcomes, multi-drug resistance to TB drugs at baseline, 

and bilateral pulmonary TB disease. This may include strengthening of DOT 

programmes in patients needing close monitoring, as well as follow up of patients with 

multi-resistance (26). Due to the reason that the number of effective drugs for DR-TB 

is limited, patients having risk factors associated with increased likelihood of death or 

treatment failure should receive targeted medical attention  (27).In addition, future 

studies to determine impact of such interventions on time to culture conversion and 

treatment outcomes need to be carried out (27). Despite, the conflicting findings 

regarding the influence of negative and positive baseline sputum smear, HIV, low BMI 

as well as nutritional status on treatment outcomes (5,8,9,15,20); predictors identified 

by other studies also need to be studied prospectively in the Namibian context. These 

include: negative baseline sputum smear, low BMI <18.5 kg/m2 and 

hypoalbuminemia, time-to-initiate treatment following notification and diagnosis; 

HIV and diabetes mellitus comorbidities; positive smear at the start of treatment, 

absence of a BCG vaccination scar, other co-morbidities, advanced chest radiographs 

findings, extensive disease, MDR-TB, pre-XDR-TB, cor pulmonale, number of 

previous TB treatments, as well as extra-pulmonary TB.  
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6.5 Limitations of the study 

The findings of this study should be interpreted taking several limitations into 

consideration, mainly pertaining to the retrospective design, the accuracy of the data 

collected cannot be validated and data was missing and may have biased the 

interpretation of the results of the current study. Firstly, despite eTB manager being an 

integrated database from the mandatory registration of TB cases, the study only 

includes records of patients whose information was recorded actually capture on the 

database. Secondly, due to the retrospective nature of the study, some outcome and/or 

variable data - including treatment regimen for more than half of patients - were 

missing Thus, findings may not be a reflection for all DR-TB patients in Namibia. 

Thirdly, because the study being record-based pharmacokinetic parameters and 

genetic variability will need to be studied by future research. Despite this, the study 

was able to find independent predictors of unsuccessful treatment outcomes and gives 

a true reflection of routine practice in Namibia. Moreover, it describes the limitations 

of the current DR-TB treatment outcomes using nation-wide data aggregated over a 5-

year period. Hence, it is believed that our findings are important in providing evidence 

to guide efforts to improve TSRs among DR-TB patients in the third and future 

strategic plan for tuberculosis in Namibia.  
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7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

Based on the findings the study concludes that, TSR among DR-TB patients in 

Namibia is sub-optimal with regards to the WHO global target set at 90%. The TSR 

among DR-TB patients vary widely, across the 14 regions of Namibia and individual 

patient populations, are influenced by multiple time varying covariates including the 

quality of the TB programme interventions, patient clinical and sociodemographic 

covariates, and the treatment regimen. Nevertheless, TSR among patients with DR-TB 

in this study though sub-optimal, are similar to other LMIC with a high TB burden. 

Therefore, it appears that improving TSR in DR-TB will require multiple coordinated 

activities across sectors in Namibia as well as cross-border interventions. In particular 

modifiable factors such as early diagnosis and close monitoring of TB patients will be 

critical in improving TSR.  

 

The main predictors of successful treatment outcomes among DR-TB patients are 

patient socio-demographics particularly female sex, non-nationals, age less than 15 

years old, clinical characteristics – that is monoresistance type and pulmonary form. 

Males, older patients, those with baseline resistance to more than one drug and bilateral 

pulmonary form be urgently addressed with community-based treatment programmes 

for MDR-TB and individualization of treatment as well as social-well fare programme 

to foster adherence. Also, the prevalence of adverse drug reaction (ADRs) among DR-

TB patients is significantly high, it is suspected that may be due to under and haphazard 

reporting and need for strengthening and improvement in pharmacovigilance efforts 

in the Namibian NTLP. It is evident in the Namibian context that the aforementioned 
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patient groups require special attention. Knowledge of the factors predicting treatment 

success in DR-TB can be used to guide the appropriate corrective measures for 

improved results. However, there is a scarcity of data on these predictors in DR-TB 

patients and especially in Namibia. This and past studies have revealed that 

unsuccessful treatment outcome is the share of different risk factors and a number of 

varying socio-demographic, clinic and treatment related as well as programmatic 

factors. The main predictors of successful DR-TB outcomes are female sex, younger 

age, being Namibian, mono-resistance, as well as bilateral pulmonary forms.  

 

7.2 Recommendations  

From the study findings it is apparent that DR-TB TSR are sub-optimal, and that 

patient socio-demographic, clinical, as well as treatment-related characteristics are the 

main predictors of TSR in Namibia. DR-TB treatment outcomes may be improved by 

strategically using the identified predictors of success and mitigating risks for 

unsuccessful outcomes. The following recommendations should be implemented 

towards improved drug-resistant tuberculosis treatment success rates in Namibia:  

 

7.2.1 Managerial/programmatic interventions 

First, the Ministry of Health and Social Services (MoHSS), National TB and Leprosy 

programme (NTLP) should implement and strengthen a cross border patient 

surveillance programme to ensure that non-Namibian citizens and migratory 

populations access and complete treatment. This may require the creation of a cross 

boarder referral system of TB patients between Namibia and neighboring countries 

particularly Angola, Botswana and South Africa, to prevent treatment interruption. 



74 

 

This should be a strategic objective within the MTP-III to advance a cross-border 

referral system for DR-TB patients. Pharmacists across borders will be critical to 

ensure continued access and monitor treatment.  

 

Secondly, the MTP-III plan for TB should intentionally provide a social welfare 

programme for DR-TB male and non-Namibian patients, given that the rate of 

unemployment is high among this population and they are a high risk group for TB 

and HIV as well as rural-urban and cross border migration. 

 

Thirdly, given the high variability in TSR cross the 14 regions and levels of healthcare 

(i.e. intermediate level hospital has better TSRs), there is need for the MoHSS NTLP 

should set and monitor benchmarks of the quality of DR-TB care across regions and 

provide support supervision to improve. These minimum standards should be enforced 

through continuous training and TB site supervisory visits. 

 

Lastly, Clinical Pharmacists can play a critical role towards urgent need to 

individualize treatments and care for DR-TB at risk of poor treatment outcomes, as 

opposed to the current public healthcare approach for all patients. It is proposed that 

long term treatment for DR-TB should be individualized for high risk populations, 

particularly males, close monitoring, and the following up of patients with multi-

resistance. 
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7.2.2 Educational interventions 

It is evident that socio-demographic, clinic and treatment related and programmatic 

factors that predict treatment success outcomes vary. To strengthen the capacity among 

staff at all levels or care, particularly strengthening quality assurance processes 

(including refresher workshops) for DR-TB case identification and management. In 

addition to the patient-centered approaches and psychosocial support measures already 

available to DR-TB patients in Namibia, it is recommended that intensified adherence 

interventions, such as patient education and counselling at baseline and at regular 

interval throughout treatment be introduced.  

 

7.2.3 Advocacy 

The study showed that TSR varied by level of care and region. Efforts and good 

practice being carried out in these settings should be identified and modelled to other 

levels of care including districts and primary health care facilities, in order to achieve 

the target of curing 90% of DR-TB patients in Namibia. This is possible by advocating 

the decentralization of TB services and more individualized, ambulatory care models 

of care needs. 

 

7.2.4 Policy implications  

The study found that no impact of co-medication such as IPT and ARV influence 

TSRs. It was however found that, DR-TB drug regimens are complex and ADRs to 

them negatively influence DR-TB treatment outcomes. There is also under and 

haphazard ADR reporting in Namibia. It is therefore recommended, simplifying and 

improving pharmacovigilance activities in order to identify, capture, report and 

manage ADRs in TB treatment. Through medication reviews and integrating current 
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efforts by clinicians as well as pharmacists and pharmacy staff. The fast tracking the 

implementation and roll out of the active drug-safety monitoring (aDSM) system for 

newer anti-TB and ART caused by delays due to the COVID-19 pandemic needs to be 

prioritised. The MoHSS NTLP should explore the implementation of Clinical 

Pharmacists-led Therapeutic Drug Monitoring service as it can yield clinical value and 

cost-effectiveness in terms of improved TSRs in DR-TB. Due to the reason that these 

patient groups appear to be at higher risk of defaulting, treatment failure, LTFU and 

death MoHSS NLTP should develop and implement comprehensive policies targeted 

at males, expatriates and older patients in addition to managerial/programmatic 

recommendations, such as establishing psycho-social support for these groups.  

 

7.2.5 Further research 

It is apparent that more research is needed to better understand factors that can achieve 

improved DR-TB treatment outcomes in Namibia. It is recommended that the NTLP 

operationalizes research goals to:  

a) To identify the determinant and drivers drug resistant TB in Namibia through studies 

related to anti-TB drug pharmacokinetics and genetic variability.  

(b) determine the impact of current interventions on time to culture conversion and 

DR-TB treatment outcomes.  

(c) determine the effect of implementing Clinical Pharmacist/Pharmacist-led TDM 

service on DR-TB treatment outcomes.  

(d) determine the impact of strengthen pharmacovigilance activities in NTLP on DR-

TB treatment outcomes.  

(e) assess the impact of implementing the intermediate hospital DR-TB care model at 

other levels of care on DR-TB patient outcomes. 
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9.3 APPENDIX C: Data abstraction tool: Predictors of Treatment Success among 

Patients with Drug Resistant Tuberculosis in Namibia 

 
Unique Code:  DR-TB Treatment Unit:   

Region:  

Erongo (1)  

Hardap (2) 

//Karas (3)  

Kavango east (4)  

Kavango west (5) 

Khomas (6)  

Kunene (7)  

Ohangwena (8)  

Omaheke (9)  

Omusati (10)  

Oshana (11) 

Oshikoto (12)  

Otjozondjupa (13)  

Zambezi (14) 

 

PART A – SOCIO-DEMOGRAPHIC DATA: 

101. Date of Birth: YYYYMMDD 

102. Sex:    

 

103. Nationality: 

104. Marital status:   

 

105. Employment status:  

Formal employment (1) Casual employment (2) Self-employed (3) Unemployed (4) 

 

                            

PART B - CLINICAL INFORMATION: (DISEASE AND LABORATORY) 

106. Treatment Outcome:  

Cured (1) Defaulted (5) 

Treatment Completed (2) Transfer out (6) 

Treatment failure before 5 months of treatment (3) Died (7) 

Treatment failure after 5 months of treatment (4)  

 

 

107. Disease classification and previous treatment history: 

New PTB (1) New EPTB (2)  Both (3) 

 

108. Previously treated with 1st line TB medicines more than 4 weeks:  

PTB (1) EPTB (2) Both (3) 

 

Male (1)               Female (2) 

Single (1) Married (2) Widowed (3) 
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109.  Previously treated with 2nd line TB medicines more than 4 weeks:  

PTB (1) EPTB (2) Both (3) 

 

 

TYPE OF TB DRUG RESISTANCE: 

110. Xpert MTB/RIF results 

110(a) MTB detected (positive) rifampicin - sensitive (1)  

110(b) MTB detected (positive) rifampicin resistant (2) 

110 (c) MTB detected (positive) rifampicin indeterminate (3) 

110(d) MTB not detected (negative) (4) 

110(e) Error / invalid (5) 

 

 

111. DST results: 

 

 

112. Pre-treatment Microscopy:   

   

 

 

113. Comorbidities/complicating conditions:  

113 (a) Diabetes: Yes No 

113(b) Renal insufficiency: Yes No 

113 (c ) Hepatitis: Yes  No 

113 (d) Drug or alcohol abuse: Yes No 

113 (e) Psychiatric disorders: Yes No 

113 (f) Pregnancy: Yes No 

   

 

114. HIV co-infection:   

 

 

 

  

111(a) Rifampicin sensitive (susceptible) (1) 111(g) Streptomycin sensitive (susceptible) (7) 

111(b) Rifampicin resistant (2) 111(h) Streptomycin resistant (8) 

111(c ) Isoniazid sensitive (susceptible) (3) 111(i) Kanamycin sensitive (susceptible) (9) 

111(d) Isoniazid resistant (4) 111(j) Kanamycin resistant (10) 

111(e ) Ethambutol sensitive (susceptible) (5) 111(k) Levofloxacin sensitive (susceptible) (11) 

111(f) Ethambutol resistant (6) 111(l) Levofloxacin resistant (12) 

Negative – (1) Positive + (2) Missing result (3) 

Yes (1) No (2) Unknown (3) 
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115. Laboratory profile: 

115.1 Haemoglobin (Hgb), mean ± (SD) 115.4 Aspartate transaminase (AST) ± (SD) 

115.2 Creatinine, mean ± (SD)  115.5 Serum potassium (K) level± (SD) 

115.3 Alanine transaminase (ALT) ± (SD) 115.6 White blood cell count (WBC), mean ± SD 

 

 

PART C - MEDICATION-RELATED FACTORS:  

116. Any documented side effects? If yes, enter code and for other enter code and specify. 

 

117. Pre-treatment:                          Yes   No      ______________ 

118. 2 months of treatment: Yes  No     ______________ 

119. 5 – 6 months of treatment: Yes  No    ______________ 

 

Side effects codes: skin rash (1); Jaundice (2); Confusion (3); Visual impairment (4); Shock (5); Renal 

failure (6); Poor appetite (7); Nausea/Vomiting (8); Abdominal pain (9); Joints pain (10); 

Burning/numbness or tingling sensation in the hands or feet (11); Drowsiness (12); Other (13) specify. 

 

 

ADDITIONAL TREATMENT:  

 

120. Patient on HAART:         Yes (1) No (2) Not applicable (3) 

121. HAART regimen:            N/A (1)        (2) 

122. HIV IPT exposure:          Yes (1)  No (2) 

123. HIV CPT exposure:        Yes (1)  No (2) 

124. Pyridoxine:                       Yes (1)  No (2) 

125. Other medicines that the patient is currently taking (including contraceptives): 

_________________________________________________________________ 

 

 

 

PART D - TREATMENT-REGIMEN-RELATED FACTORS:  

 

126. History of second-line anti- TB:   Yes (1)     No (2) 

127. Anti-tuberculosis therapy:            Short treatment regimen (1)        Individualised regimen (2) 

128. Regimen:                                         Date Started (1)                           Date ended (2) 

129. Initial Phase:                                   Dosages Taken (1)                      Dosages Missed (2) 

130. Continuation Phase:                       Dosages Taken (1)                  Dosages Missed (2) 
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PART E - PROGRAMMATIC FACTORS: 

 

131. DR-TB Treatment unit & district: _______________________ 

132. DOT facility level:              Hospital (1)             Health Centre (2)                         Clinic (3) 

133. DOT supporter/type:      Guardian (relative/neighbour) (1)        Workplace (2)  

                                                   Health Facility (3)                               Community H/Worker (4)  

                                                    Other (5)  

134. Type of DOTS/DOT Option: Health Facility DOTS (1)                 Community Based DOTS 

(2)                                         ………………………………………Other (3): 

Specify______________________________ 

 

135. Socioeconomic assessment by social worker:    Yes (1)          No (2) 

136. Family support available:                                    Yes (1)          No (2) 

137. Linked to Socioeconomic Support:                      Yes (1)         No (2) 

 

 

__________________________________________________________________________________ 

 


