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A B S T R A C T   

Tuberculosis (TB) remains a major global public health problem. Hence, the study aimed to assess the impact of 
human immune virus (HIV) status and predictors of successful treatment outcomes of TB patients enrolled at 
Nekemte specialized hospital. An institution-based retrospective cohort study was conducted and the data 
analyzed using SPSS version 24.0. A multivariable logistic regression model was fitted to identify the association 
between treatment outcome and potential predictor variables. The association was calculated using the Adjusted 
Odds ratio (AOR) and the statistical significance was considered at p < 0.05. Out of the total 506 study par-
ticipants, 50.2% of them were males. The overall treatment success rate was 81.4% and 58.06% among HIV co- 
infected TB patients. Female sex (AOR = 2.01, 95%CI: 1.04–16.11), age 25–34 years (AOR = 3.982, 95%CI: 
1.445–10.971), age 35–49 years (AOR = 5.392, 95%CI: 1.674–17.368), high school educational level (AOR =
5.330, 95% CI: 1.753–16.209), urban residence (AOR = 3.093, 95%CI: 1.003–9.541) and HIV negative (AOR =
10.3, 95%CI, 3.216–32.968) were positively associated with favorable TB treatment outcome. Whereas, being 
single (AOR = 0.293, 95%CI: 0.1–0.854), smear-negative pulmonary TB (AOR = 0.360, 95%CI: 0.156–0.834), 
extra-pulmonary TB (AOR = 0.839, 95%CI: 0.560–0.955) and retreatment case (AOR: 0.54, 95%CI: 
0.004–0.098) were negatively associated with successful treatment outcome. The treatment success rate of TB 
patients was lower than World Health Organization target set of 85%. The increased unsuccessful outcome 
among TB/HIV patients requires urgent public health interventions to improve the evaluation policy and control 
framework.   

1. Introduction 

Tuberculosis (TB) remains a major global public health problem 
[1–4]. It is the leading cause of morbidity and mortality in the 21st 
century [3,5–8]. It causes illness among millions of people each year and 
the second leading cause of death from an infectious disease worldwide, 
next to immunodeficiency virus (HIV) infection [2,4,9,10]. Despite the 
availability of effective diagnostic tools and treatment, it has been 
affecting the lives and well-being of a large number of people [9,11,12]. 

Globally, an estimated 10 million people were infected with TB as of 

2018. There were an estimated 1.2 million TB deaths among HIV- 
negative people in 2018 and an additional 251 000 deaths among HIV 
positive people [7]. TB is the leading cause of death for HIV-infected 
patients, and HIV is the most important risk factor for developing 
active TB [13]. The co-infection has emerged as a major public health 
threat throughout the world compared to patients with TB alone 
[14–18]. The risk of mortality from TB is significantly higher in the 
HIV-infected population [13,19–22] due to the shared immune defense 
mechanisms and HIV has also contributed to a worldwide resurgence of 
TB [23–26]. 
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The clinical burden of HIV patients was worsened by the concomi-
tant infection of TB which becomes major global health threats [17,18, 
27]. Untreated TB accelerates the progression of HIV infection to AIDS 
[21]. This is due to the HIV epidemic has greatly altered the epidemi-
ological course of TB and modifies the natural history [22,28,29]. On the 
other hand, HIV infection predisposes to the development of active TB, 
and the course of HIV-related immunodeficiency is worsened by active 
TB infection [13,30–32]. HIV fuels the TB epidemic, and increasing the 
likelihood of death [6,11]. TB-HIV co-infected people are experiencing 
“double trouble” that puts them at high risk of mortality and rapid 
disease progression [27]. 

Management of co-infected patients can be complex because of 
overlapping drug toxicities and interactions [12,33]. Furthermore, 
HIV-positive TB patients are a challenge to TB services, as they are more 
likely to have diagnostic delays [32–35]. Duration of treatment, fre-
quency of drug administration, pill burden, and complications of ther-
apy are some of the challenges associated with the coinfection [12,18]. 
TB patients who were co-infected with HIV encounter different problems 
in the management of their disease like high loss to follow up rates, 
non-adherence and relapse rate [11,36,37]. Co-infection adversely af-
fects socio-economic development and challenges treatment outcome 
[6,15]. The situation is worsened by the growing cases of 
multidrug-resistant TB and the changing prevalence of HIV epidemics 
[23]. Early diagnosis and effective treatment of active TB disease in 
HIV-infected patients is imperative for curing TB and decreasing its ill 
effects [38]. Administration of concurrent ART and anti-TB therapy re-
duces the risk of death among TB/HIV co-infected patients [21]. But 
drug-drug interactions between HIV and TB therapy are common [12]. 

The devastating effects of TB and HIV/AIDS to health and human 
development remains a major public health challenge in developing 
countries [11,12,15,33,39–41], particularly in sub-Saharan Africa (SSA) 
[6,9,17,42–44]. About 80% of the total estimated disease burden of HIV 
associated TB is found in countries of SSA, and this part of the world has 
the “highest rates of cases and deaths per capita” attributable to TB 
disease [44]. The incidence of TB has been increasing steadily since the 
1990s, particularly in African countries [45], and an estimated 30% of 
HIV infected persons have a dual infection with TB in SSA countries 
[44]. In 2015, about 75% of TB/HIV deaths worldwide occurred in SSA, 
with case fatality rates varying from under 5% to over 20% among 
countries in the region [2,21]. Regional and global profiles of the World 
Health Organization (WHO) of 2019 estimates of TB burden in Africa 
region has shown that the rate of total TB incidence was 231 per 100 000 
population and HIV-positive TB incidence was 58 per 100, 000 pop-
ulations [7]. 

The joint effect of HIV and TB pestilences has confronted the feeble 
systems of healthcare in resource-limited countries [9,29]. In these 
resource-poor settings, limited data exist both on treatment outcomes 
and ways to carry out interventions. As a result, the existing treatment 
guidelines and recommendations are based on data from the developed 
world [19]. 

The WHO and the National Tuberculosis and Leprosy Control Pro-
gramme (NTBLCP) recommended a case detection rate of 70% and a 
treatment success rate (TSR) of 85% for all TB cases [41]. Interventions 
are necessary to reduce deaths during TB treatment for the country to 
achieve the targets set in the End TB Strategy by 2035 [21]. The inte-
gration of TB-HIV collaborative activities will help to reduce mortality, 
default, relapse, and drug resistance [12,31,40]. The therapeutic goals 
for tuberculosis aim at curing the patient, avoiding transmission, and 
preventing multi-drug resistant TB [2,11]. Even though TB is treatable 
and curable, it has proven difficult to eliminate, and this has been 
worsened by the HIV-AIDS pandemic [41]. 

TB-HIV co-infection remained a serious health problem in Ethiopia, 
where the disease is the leading cause of mortality and morbidity [8,15, 
25,37,46,47]. Regional and global profiles of WHO estimates of TB 
burden in Ethiopia shown the rate of total TB incidence was 151 per 100 
000 population. The estimated epidemiological burden of TB in 2018 

revealed that Ethiopia ranked 7th among 20 high TB burden countries 
based on an absolute number of incident cases and one of 10 high TB 
burden countries based on the severity of disease burden (incidence per 
capita) [7]. 

Despite the availability of free ART and the implementation of 
different strategies, the burden, and mortality of TB-HIV co-infected 
patients remains a challenge in Ethiopia [6,17]. Assessing TB treatment 
outcomes and understanding the specific reasons for unfavorable 
treatment outcomes is important for stakeholders working to evaluate 
the performance of TB treatment and to improve the management of 
TB-HIV co-infected patients [1,17–19,37,48]. Hence, the study aimed to 
assess the impact of HIV status and predictors of successful treatment 
outcomes among TB patients enrolled to Nekemte specialized hospital, 
western Ethiopia. 

2. Materials and methods 

2.1. Study area and period 

The study was conducted at Nekemte Specialized Hospital (NSH), 
western Ethiopia which is found 328 km from Addis Ababa. NSH has 
different departments and wards like outpatient department, medical 
ward, gynecology and obstetrics ward, pediatrics ward, and surgical 
ward. It delivers diversified health services and clinics including the 
emergency services, eye clinic, dental clinic, mother and child health 
(MCH), orthopedics, psychiatry clinic, laboratory service, imaging’s, 
pharmacy, physiotherapy and follow up of chronic disease including TB. 
It has been serving TB patients as a separate TB clinic since 2013. Six 
years from 2013 to 2019 TB patient’s treatment outcomes were 
reviewed from March to April 2019. The work has been reported in line 
with the strengthening the reporting of cohort studies in surgery 
(STROCSS) criteria [49]. 

2.2. Study design 

A retrospective cohort study was conducted among TB patients 
enrolled to Nekemte Specialized Hospital (NSH). A six-year retrospec-
tive document review of TB patients registered at the Directly Observed 
Therapy (DOTS) was conducted to assess the impact of HIV and pre-
dictors of successful treatment outcomes among TB patients. The clinic 
registers and treats patients diagnosed with TB using the DOT strategy 
designed by the National Tuberculosis and Leprosy Control Program 
(NTLCP) of Ethiopia which is a guideline adapted from WHO [40,46]. 
The diagnosis of pulmonary TB is followed by an examination of 
three-morning sputum smears by Zihel –Nielsen staining method for 
acid-fast bacilli (AFB). Chest radiographs and pathological in-
vestigations are also used to support the diagnosis. A clinical diagnosis 
of TB was based on a history of persistent cough for three weeks or more 
and not responding to conventional antibiotics. Additionally, the diag-
nosis of TB-HIV coinfected patients is as per the guideline Federal 
Ministry of Health of Ethiopia: Manual of Tuberculosis, Leprosy and 
TB/HIV prevention and control program [46,50]. 

TB DOTS clinic of NSH serves both adult and pediatric age groups 
with free drugs like Rifampicin, Isoniazid, Pyrazinamide and Etham-
butol (2RHZE) for 2 months’ intensive phase with daily observation, and 
Rifampicin and Isoniazid (4RH) for 4 months continuous phase with 
monthly follow up for new TB patient. The hospital also provides 
Rifampicin, Isoniazide, Pyrazinamide, Ethambutol and Streptomycin 
(3RHZES) for 3 months’ intensive phase and Rifampicin, Isoniazide and 
Ethambutol (5RHE) for 5 months’ continuous phase for retreatment 
patients. For TB/HIV co-infected patients; they should take daily for 6 
months; 2 months’ intensive phase taking Rifampicin, Isoniazid, Pyr-
azinamide and Ethambutol (2RHZE) and 4 months’ continuation phase 
taking Rifampicin and Isoniazid (4RH). 

All TB patients under treatment follow up were tested for HIV. For 
HIV screening, nationally approved rapid serological testing algorisms 
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(KHB → StatPak → Uni-gold) were used. As soon as HIV is identified in a 
TB patient, the patient is enrolled to ART clinic of NSH. The national TB/ 
HIV implementation guideline recommends provision of ART for TB/ 
HIV co-infected individuals if they are WHO clinical stage IV or CD4 <
350/mm. 

During the 2 months’ intensive phase of treatment, patients come 
directly to the hospital daily (directly observed therapy) and take their 
medication under the supervision of the health care provider in the TB 
clinic. During continuous phase patients followed weekly, every two 
week or monthly basis. 

2.3. Population 

The target population for this study was all patients diagnosed with 
active TB disease and were on anti-TB treatment. The study population 
included all new TB patients aged ≥15 years registered from 2013 TO 
2019 at NSH DOTs clinic of NSH within the study period and fulfilled the 
inclusion criteria. 

2.4. Eligibility criteria 

2.4.1. Inclusion criteria  

• All adult (≥15 years old) TB patients diagnosed with active TB 
disease.  

• Patients who have been started on a course of anti-TB treatment 
regimen within the time frame of the study period. 

2.4.2. Exclusion criteria  

• Patients with multi-drug resistant TB (MDR-TB).  
• Patients who were transferred to another health facility to continue 

their treatment. 
• Adults with incomplete registration cards (like basic sociodemo-

graphic information, treatment outcome unknown)  
• Patients who started anti-TB from other health care institutions 

(transfer-in).  
• Any individual who has taken less than 4 weeks of the course of anti- 

TB treatment regimen (dropouts). 

2.5. Study variables 

2.5.1. Dependent variable  

• TB treatment outcomes: successful outcome (cured, treatment 
completed) and unsuccessful outcome (treatment failure, died and 
default) 

2.5.2. Independent variables  

• Sociodemographic factors (age, sex, marital status, residence, 
educational status).  

• Clinical conditions: (category of TB, TB enrollment, HIV status, WHO 
HIV staging, CD4 count, opportunistic infections, functional status, 
nutritional status, presence of another comorbidity)  

• Drug-related factors (ART, Anti-TB, Isoniazid prophylactic therapy, 
Cotrimoxazole preventive therapy, adverse effects due to treatment). 

2.6. Sample size and sampling technique 

The sample size required for achieving statistically significant results 
was determined using two population proportion formula using Epi Info 
7 statistical software package. Based on HIV status, TB patients were 
categorized into “HIV positive” and “HIV negative” cohorts and were 
retrospectively followed until the time of the outcome. HIV status was 
chosen as the main exposure variable of non-accidental mortality during 

the 6 years of follow up since it was considered to give the optimal 
sample size. In this regard, a 5% level of significance (two-sided), a 
power of 80% and a ratio of exposed to unexposed of 1:2.13, estimated 
proportion of mortality (one of the unsuccessful outcome factor) in 
Ethiopia was taken as 2.5% for the non-exposed group (not co-infected 
with HIV) and 8.3% for the exposed group (co-infected with HIV) [44]. 
Thus, the sample size was calculated to be 185 for exposed and 394 for 
non-exposed, a total of 597 patients. 

In NSH, over 6 years of the study period, a total of 1268 TB patients 
were enrolled for treatment. From these patients, 56 transfer in, 576 
transfer out, 36 drops out, 72 children less than 15 years, and 22 
incomplete patient cards were excluded from the study resulting in 506 
eligible patients. The samples of 506 patient registration cards were 
selected by a convenient method (Fig. 1). 

2.7. Data collection process 

A semi-structured data collection format that contains sociodemo-
graphic characteristics, disease-related factors, medication-related fac-
tors, and treatment outcome was prepared to extract the data from 
patients’ medical records. The questionnaire contains socio- 
demographic factors, type of tuberculosis infection, history of expo-
sure to anti-tuberculosis treatment, the status of HIV infection, and the 
outcome of anti-tuberculosis treatment. Information on ART CD4, HIV 
care, HIV stage, and provision of CPT for HIV-infected TB patients were 
recorded in the ART register. The socio-demographic data, HIV status, 
TB enrollment, category of TB at the start, and the treatment outcomes 
of the TB patients were collected from the TB Unit registers. Information 
on the primary endpoint (treatment success) was based on information 
written on patient’s cards and review of the document if there were 
death certificates. The patients’ date of death was extracted from TB 
registration logbooks. Patients were followed from since the start of anti- 
TB medications lost to follow-up, treatment completion and died. Data 
were collected by two nurses working at the TB clinic after being trained 
about the objectives of the study, data collection format, and techniques 
of data extraction. 

2.8. Data quality control and management 

To ensure the data quality, the trained data collectors were informed 
on eligibility criteria of the study participants, and recording of the right 
information from the hospital registration book and/or patient’s follow- 
up medical chart to maintain the completeness, accuracy, and consis-
tency of the collected data. Data abstraction checklist was pre-tested at 
Wollega University referral hospital which provides similar services to 
the TB patients before the commencement of the actual data collection. 
Completeness of the data was checked, coded, and entered into the 
computer using SPSS version 24 statistical software daily. Mode, median 
and mean values were used to address incompleteness, inconsistencies, 
and inaccuracy depending on the measurement scale. Each entry was 
cross-checked independently to ensure the quality of data. Supervisors, 
data clerks, and investigators had checked completeness and consistency 
of data before and after data entry. 

2.9. Data processing and analysis 

The data was entered into the computer using Epidata version 3.1 
and analysis was done using statistical package for social sciences (SPSS) 
24. Descriptive statistics (frequency, proportion, mean and standard 
deviation) were used to summarize patients’ characteristics of the 
cohort. Multivariate analysis using a logistic regression model was used 
to analyze the association between treatment outcome and potential 
predictor variables. All variables were entered into multivariable lo-
gistic regression (LR) using a backward LR method to control the con-
founding effect. Explanatory variables that had a significant association 
with the outcome at p-value less than 0.25 in the bi-variable binary 
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logistic regression were entered into the multivariable logistic regres-
sion model. Association between outcome and predictor variables was 
calculated using adjusted odds ratio and the statistical significance was 
considered at p < 0.05 for associated variables within a 95% confidence 
interval. Assumption of the goodness of the model was checked by 
Hosmer Lemeshow test (p = 0.631). 

2.10. Ethical approval and consent to participate 

Ethical approval was obtained from the Research Ethics Review 
Committee (RERC) of the Institute of Health Sciences of Wollega Uni-
versity with reference number: 023CHRT/11. A full waiver of informed 
consent was granted since patients were not encountered directly in the 
study. Data were extracted from patient treatment folders stored in the 
hospitals. Staff members of the card room of NSH permission for any 
cooperation will be politely asked. The confidentiality of patients is 
secured throughout the study periods using code instead of their name. 
Institutional ethics and an individual’s privacy of the patient were 
respected. Finally, the questionnaires were kept locked after data entry 
was completed. The Unique Identifying Number (UIN) of this study is 
researchregistry6188 in Research Registry registration, in accordance 
with the declaration of Helsinki [51]. 

2.11. Operational definitions 

According to The Ethiopian National TB Control Program (NTLP) 
guideline adopted from WHO, the following standard clinical case 
definition and treatment outcome rate operational terms were used [1, 
10,18,46,52]. 

Cases of TB.  

• Smear-positive pulmonary TB (PTB+): A patient with at least two 
sputum specimens which were positive for acid-fast bacilli (AFB) by 
direct microscopy, or a patient with only one sputum specimen 
which was positive for AFB by microscopy, and chest radiographic 
abnormalities consistent with active pulmonary TB as determined by 
a clinician.  

• Smear-negative pulmonary TB (PTB-): A patient with symptoms 
suggestive of TB, with at least three sputum specimens negative for 
AFB by microscopy, and with chest radiographic abnormalities 
consistent with active pulmonary TB, and lack of clinical response to 
one week of broad-spectrum antibiotic therapy, or a patient whose 

diagnosis is based on culture-positive Tuberculosis but with three 
initial smear examinations negative by direct microscopy.  

• Extra-pulmonary TB (EPTB): This included tuberculosis of organs 
other than the lungs, such as lymph nodes, abdomen, genitourinary 
tract, skin, joints and bones, meninges, etc. Diagnosis of EPTB was 
based on fine-needle aspiration cytology or biochemical analyses of 
cerebrospinal/pleural/ascitic fluid or histopathological examination 
or strong clinical evidence consistent with active extra-pulmonary 
tuberculosis, followed by a decision of a clinician to treat with a 
full course of anti-tuberculosis chemotherapy. A patient in whom 
both pulmonary and extra-pulmonary TB has been diagnosed should 
be classified as a pulmonary case. 

TB treatment outcome.  

• Cured: A patient who was initially sputum smear-positive and who 
was sputum smear-negative in the last month of treatment and on at 
least one previous occasion;  

• Treatment completed: A TB patient who completed treatment 
without evidence of failure or cure. Patients with documented 
treatment completion and resolution of symptoms, but for whom 
sputum smear, culture results are not available in the last month of 
treatment and on at least one previous occasion.  

• Died: when a patient died from any cause during treatment.  
• Treatment failure: when a patient was initially sputum smear- 

positive and when a patient remained sputum smear-positive at for 
5 months or later during treatment  

• Transferred out: A patient whose treatment outcome is unknown 
due to transfer out to another health facility. 

• Defaulted (interrupted patient): A patient who has been on treat-
ment for at least 4 weeks and whose treatment was interrupted for 
two consecutive months or more for any reason without medical 
approval.  

• Relapse: It is a patient who has been declared cured or has 
completed treatment of any form of TB in the past but who reports 
back and was found to be smear-positive.  

• Successful treatment outcome (treatment success): It is the sum 
of the patients who are cured or completed treatment.  

• Unsuccessful/unfavorable/poor outcome: The sum of patients 
who are defaulter, died and patients with treatment failure 

Functional status [17]: was measured at base-line as: 

Fig. 1. Flow diagram of the eligible TB patients included in the final analysis, 2019.  

G. Fekadu et al.                                                                                                                                                                                                                                 



Annals of Medicine and Surgery 60 (2020) 531–541

535

• Working: Able to perform usual work in or out of the house  
• Ambulatory: Able to perform activities of daily living  
• Bedridden: Not able to perform activities of daily living. 

3. Results 

3.1. Socio-demographic characteristics of study participants 

A total of 1268 TB patients were registered at NSH from 2013 to 
2019 years. A total of 506 TB patients, including 357 non-HIV infected, 
124 HIV co-infected, and 35 patients with undetermined HIV status 
fulfilling eligibility criteria were enrolled in the final analysis. Out of the 
total study participants, about half (50.2%) of them were males and the 
mean age of the study participants was 33 ± 12.4 years. About one third 
(36%) of them were in the modal age range of 25–34 years. About two- 
thirds (66%) of the study participants were married and 30% had college 
and above educational level (Table 1). 

3.2. Clinical and medication characteristics of the study participants 

Among TB patients at the start of treatment, 88.1% were new cases, 
8.3% were relapsed, 2.0% were failed and 1.6% were returnees after 
default. Overall, there were 60 (11.9%) retreatment cases. Based on the 
type of TB, 23.9% of the patients were diagnosed as EPTB, 38.1% smear- 
negative PTB, and 37.9% smear-positive PTB. 

Regarding the HIV related characteristics, about one fourth (24.5%) 
of the study participants were HIV positive. From HIV positive partici-
pants, the majority (84.7%) of them were on ART during their TB course 
of treatment. About three-fifth (58.9%) of the study participants were in 
WHO stage IV. Prophylactic treatment with co-trimoxazole is part of the 
standard of care for HIV co-infected patients receiving TB treatment and 
given for 110 (88.7%) patients (Table 2). 

3.3. Treatment outcomes of TB patients 

The rate of cure among all forms of TB cases was 72 (14.2%) while 
the rate of treatment completion was 340 (67.2%). The rate of treatment 
failure, default, and death was 32(6.3%), 20(4%), and 42 (8.3%), 

respectively. The cure rate was significantly lower (6.4% versus 17.6%) 
and the death rate was higher in HIV co-infected patients (19.4% versus 
2.9%) which was statistically significant (p < 0.001) (Table 3). 

Analysis of the study data demonstrated that the overall TB treat-
ment success rate was 81.4%. This finding persists at 82.16% treatment 
success rate even after excluding 35 those with undetermined HIV sta-
tus. However, the treatment success rate among HIV co-infected TB 
patients was 58.06% (Fig. 2). 

Table 1 
Socio-demographic characteristics of the study participants followed at Nekemte 
specialized hospital, 2013–2019.  

Sociodemographic characteristics Frequency 
(n) 

Percentage 
(%) 

Sex Male 254 50.2 
Female 252 49.8 

Age (years) 15–24 128 25.3 
25–34 182 36 
35–49 122 24.1 
≥50 74 14.6 

Marital Status Married 334 66 
Single 139 27.5 
Others (widowed, 
divorced) 

33 6.5 

Religion Protestant 250 49.4 
Orthodox 230 45.5 
Muslim 24 4.7 
Catholic 2 0.4 

Educational Status No formal education 134 26.5 
Elementary 84 16.6 
High school 136 26.9 
College and above 152 30 

Employment 
Status 

Employed 146 28.9 
Self-employed 143 28.3 
House wives 98 19.4 
Unemployed 94 18.6 
Farmers 25 4.9 

Residence Urban 456 90.1 
Rural 50 9.9  

Table 2 
Clinical and medication characteristics of the tuberculosis patients at Nekemte 
specilaized hospital, 2013–2019.  

HIV related characteristics Frequency 
(n) 

Percentage 
(%) 

Type of TB PTB+ 192 37.9 
PTB- 193 38.1 
EPTB 121 23.9 

TB registration status (TB 
enrollment) 

New 446 88.1 
Relapse 42 8.3 
Treatment failure 10 2.0 
Treatment after default 8 1.6 

INH Propylaxis Yes 33 6.5 
No 324 93.5 

HIV status Reactive 124 24.5 
Non-reactive 347 68.6 
Indeterminate 35 6.9 

CD4 count during TB 
diagnosis (Cells/mm3) 
[n = 124] 

≥200 21 17 
50–199 37 30 
<50 66 53 

WHO HVI stage during 
TB diagnosis [n = 124] 

Stage I 6 4.9 
Stage II 9 7 
Stage III 36 29 
Stage IV 73 58.9 

Enrolled in HIV care [n 
= 124] 

Yes 115 92.7 
No 9 7.3 

CPT given [n = 124] Yes 110 88.7 
No 14 11.3 

Started ART [n = 124] Yes 105 84.7 
No 19 15.3 

ART regimen at TB 
diagnosis [n = 124] 

TDF-3TC-NVP 65 52.42 
TDF-3TC-EFV 37 29.84 
D4t-3TC-NVP 9 7.26 
AZT-3TC-EFV 5 4.03 
ABC-3TC-EFV 5 4.03 
AZT-3TC-NVP 3 2.42 
Second line regimens 65 52.42 

INH Propylaxis Yes 64 12.6 
No 442 87.4 

Functional status Working 341 67.4 
Ambulatory 125 24.7 
Bedriden 40 7.9 

Nutritional status Malnourished 191 37.7 
Not malnourished 315 62.3 

Presence of comorbidity 
(n = 232) 

HIV 124 53.4 
Other RTI (including 
Asthma) 

31 13.3 

Cardiovascular 
disorders (HTN, IHD, 
HF) 

27 10.3 

Diabetes Mellitus 21 9.1 
Pschiatric disorders 
(depression and anxiety 

16 6.9 

Renal diseases 9 3.9 
Anemia 4 1.7 

Treatment associated 
adverse effects 
(toxicity) 

yes yes 143 
No No 363 

ART: Antiretroviral treatment; CD4: Cluster differentiation-4, HIV: Human im-
mune virus; WHO: World health organization. EPTB: Extra-pulmonary Tuber-
culosis; TB: Tuberculosis; PTB+: Pulmonary positive TB, PTB-: Pulmonary 
negative TB; INH: Isoniazid; CPT: Cotrimoxazole preventive therapy, ABC: 
Abacavir; TDF: Tenofovir fumarate; 3 TC: Lamivudine, D4T: Stavudine; AZT: 
Zidovudine; EFV: Efavirenz; NVP: Nevirapine; HTN: Hypertension; IHD: 
Ischemic heart diseases; HF: Heart failure; RTI: Respiratory tract infection. 
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Table 3 
Treatment outcomes of TB patients enrolled at Nekemte specialized hospital, 2013–2019.  

HIV status TB treatment Outcome 

Cure Treatment Completed Defaulted Treatment failure Death p-value 

HIV negative, n (%) 61 (17.6) 254 (73.2) 11 (3.2) 11 (3.2) 10 (2.9%) 0.000 
HIV positive, n (%) 8 (6.4) 65 (52.4) 9 (7.3) 18 (14.5) 24 (19.4)  

Fig. 2. Comparison of TB treatment success based on HIV status at NSH, 2013–2019.  

Table 4 
Factors affecting successful TB treatment outcome and its association with HIV status at NSH, 2013–2019.  

Variable TB treatment outcome COR (95% CI) AOR (95% CI) P-Value 

Successful Not successful 

Sex Male 190 64 1 1  
Female 221 31 2.4 (1.5–3.85) 3.992 (1.743–9.145) .001* 

Age (years) 15–24 109 19 4.136 (2.11–8.09) 2.702 (.808–9.038) .107 
25–34 158 24 4.746 (2.53–8.92) 3.982 (1.445–10.971) .008* 
35–49 101 21 3.46 (1.79–6.79) 5.392 (1.674–17.368) .005* 
≥50 43 31 1 1  

Marital Status Married 276 58 1 1  
Single 107 32 0.70 (0.43–1.14) .293 (.100–.854) .025 
Others (widowed, divorced) 28 5 1.18 (0.44–3.18) 3.483 (.649–18.698) .146 

Educational level No formal education 131 15 1 1  
Elementary 104 39 3.95 (1.92–8.15) 3.246 (.986–10.688) .053 
High school 20 5 4.80 (2.53–9.11) 5.330 (1.753–16.209) .003* 
College and above 81 17 4.17 (2.30–7.55) 3.751 (1.011–13.922) .048* 

Occupational Status Employed 131 15 1 1  
Self-employed 104 39 0.31 (0.16–0.58) .864 (.227–3.290) .831 
Farmers 20 5 0.46 (0.15–1.40) 1.070 (.121–9.472) .952 
House wives 81 17 0.55 (0.26–1.15) 1.120 (.289–4.337) .869 
Unemployed 75 19 0.45 (0.22–0.94) .219 (.058–1) .051 

Residence Urban 378 78 2.5 (1.32–4.7) 3.093 (1.003–9.541) .049* 
Rural 33 17 1 1  

Nutritional status Malnourished 124 67 1 1  
Not malnourished 287 28 0.18 (0.11–0 .29) 9.514 (3.760–24.075) .085 

TB class PTB+ 151 41 1 1 .010 
PTB- 150 43 0.95 (0.58–1.54) .360 (.156–.834) .017* 
EPTB 110 11 2.72 (1.34–5.52) 0.839 (.560–.955) .031* 

TB enrolment New 362 84 1   
Retreatment 44 16 .64 (0.01–0.09) .54 (.004–.098) .000* 

Comorbidity Yes 166 66 1 1  
No 245 29 3.36 (2.08–5.42) 1.537 (.389–6.070) .539 

HIV status HIV+ 72 52 1 1  
HIV- 315 32 7.11 (4.27–11.8) 10.3 (3.216–32.968) .000* 
Not determined 24 11 1.58 (0.71–3.50) 2.258 (.631–8.076) .210 

AOR: Adjusted odds ratio; COR: Crudes odds ratio; HIV: Human immune virus; EPTB: Extra-pulmonary Tuberculosis; TB: Tuberculosis; PTB+: Pulmonary positive TB, 
PTB-: Pulmonary negative. 
*Statistically significant at p < 0.05. 
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3.4. Impact of HIV status and factors affecting TB treatment outcome 

Both bivariable and multivariable analysis was done to identify the 
association between independent variables and TB treatment outcome. 
On multivariable logistic regression: sex, age, marital status, educational 
level, residence, TB category, TB enrollment, and HIV status were 
significantly associated with successful TB treatment outcomes. 

The likelihood of successful TB treatment outcome was nearly four 
times (AOR = 3.992, 95%CI; 1.743–9.145, p = 0.001) more likely 
among female patients compared to males. The treatment of TB among 
patients whose age between 25 and 34 years were about 4 times (AOR =
3.982, 95% CI: 1.445–10.971, p = 0.008) and age 35–49 were about five 
times (AOR = 5.392, CI: 1.674–17.4, p = 0.005) more likely to be suc-
cessful as compared to patients whose age was ≥50 years. The odds of 
successful TB treatment was significantly low among single participants 
(AOR = 0.293, 95CI: 0.1–0.854, p = 0.025) as compared to married 
ones. The educational status of the patients was also another factor that 
was associated with TB treatment outcomes. Higher educational status 
like college and above were nearly four times (AOR = 3.751, 95% CI, 
1.011–13.922) more likely to be successful. Patients were more likely to 
have a successful treatment if they were urban residents (AOR = 3.093, 
95%, 1.003–9.541, p = 0.049) compared to rural residents. Successful 
treatment outcome was less frequent among smear-negative patients 
(AOR = 0.360, 95% CI: 0.156–0.834, p = 0.017) and EPTB (AOR =
0.839, 95% CI: 0.560–0.955, p = 0.031) than smear-positive pulmonary 
TB patients. Patients were less likely to have a successful treatment if 
they were retreatment cases (AOR: 0.54, 95% CI: 0.004–0.098, p <
0.001) compared to patients with new TB cases. HIV negative patients 
were about 10 times more likely to experience treatment success (AOR 
= 10.3, 95% CI, 3.216–32.968, p < 0.001) compared to HIV positive TB 
patients (Table 4). 

4. Discussion 

TB becomes a major public health problem throughout the world 
particularly in developing countries [27,36]. The presence of HIV 
infection increases the chance of tuberculosis reactivation and infection 
due to TB [22]. In this study, the magnitude of HIV was 24.5% which is 
similar to the finding of Harar town 22.8% [27], Felege Hiwot referral 
hospital (25%) [5], and Debre Tabor general hospital (24.2%) [48]. 
However, the prevalence was higher than previous studies at rural 
Ethiopian hospitals (1.7%) [22], Aurangabad city (7.28%) [26], and 
WHO 2019 TB report (8.6%) [7]. This high TB-HIV coinfection could be 
due to the higher proportion of patients from urban settings where there 
is a high prevalence of HIV. Additionally, the proportion of TB-HIV 
coinfection was much lower than the previous report from Gondar 
(52.1%) [53] due to differences in study design and socioeconomic 
characteristics of study participants. In our current study, only 23.9% 
were presented with EPTB and this finding was contrary to previous 
studies where the majority of the patients where EPTB patients [5,27]. 
This low proportion of EPTB in our study might be due to less diagnosis 
or misclassification bias. 

In the current study, the proportion of TB patients with successful 
treatment outcomes was found to be 81.2% which was comparable with 
studies reported from Addis Ababa (82.7%) [54], Nekemte Referral 
Hospital (82.5%) [45], Sodo town (81.5%) [8], Eastern Ethiopia 
(81.8%) [1], Central Ethiopia (83.6%) [55], New Delhi, India (81%) 
[16], Abeokuta (83.5%) [41], Lubumbashi DR Congo (83.3%) [3], in-
ternational epidemiology databases (80%) [29] and a systematic review 
and meta-analysis by Eshetie et al. (83.7%) [20]. This overall rate of the 
treatment success was lower than studies conducted by Mekonnen et al. 
(86.2%) [25], Gebremariam et al. (87.3%) [6], Ejeta et al. (85.2%) [10], 
Tola et al. (92.5%) [27], Endris et al. (94.8%) [4], Melese et al. (87.1%) 
[56], Ali et al. (91.5%) [44], Beza et al. (85%) [57], Worku et al. 
(90.1%) [48], Abebe et al. (88.2%) [58] and Tweya et al. in Malawi 
(86%) [59]. Additionally, in this study, the successful treatment 

outcomes was lower than NTLCP and WHO target set for the Millennium 
Development Goal (MDG) of 85% [2,60,61] and far lower to that of 
≥90% End TB Strategy success rate of milestone target set globally for 
2025 [62,63]. The possible explanation for this discrepancy might be 
associated with the difference in study design, characteristics, and the 
number of study participants involved in the study. On top of that, the 
handling of transfer out cases as one of the case definitions of the TB 
treatment outcome in earlier various studies might affect the successful 
treatment outcome. Besides, the substantial figures of death recorded, 
and socio-economic conditions of the society in our cases may contribute 
to the low treatment outcome. 

However, the rate of successful treatment outcome was higher than 
studies conducted by Biadglegne et al. (26%) [5], Shargie and Lindtjørn 
(49.5%) [64], Tessema et al. 29.5% [30], Rocha et al. (77.1%) [22], 
Fiseha et al. (28.9%) [14], Asebe et al. (70.76%) [32], Ejeta et al. 
(70.8%) [47], Kefale et al. (30.32%) [15], Warkari et al. (63.21%) [26], 
Adebimpe et al. (78.7%) [23] and Ansa et al. (64.0%) [65]. The satis-
factory treatment success rate in our study might be due to improved 
adherence of TB patients associated with a good implementation of 
DOTs strategy, which was indicated by relatively lower failures and 
default rates. One explanation for a high success rate in the current study 
might due to exclusion of transfer out cases unlike the previous study 
[56], which included in the analysis. Additionally, the majority of the TB 
patients in this study were urban residents who can easily access the 
health facilities to follow their treatment and had better health-seeking 
behavior as compared to rural. 

The treatment success rate among HIV co-infected TB patients was 
58.06%, which was comparable with findings at western Ethiopia 
(60.7%) [12], South-eastern Nigeria (64.1%) [11] and India 66% [66], 
but higher as compared to study at Mizan-Aman general hospital 
(28.9%) [14] and Felege Hiwot Referral Hospital (22.5%) [5]. Addi-
tionally, the treatment success rate among TB-HIV co-infected patients 
was lower compared to study at Harar (86.8%) [38], Addis Ababa 88.2% 
[44], Debre Tabor 88.1% [48] and Gondar (77.3%) [18]. WHO global 
TB report of 2011 indicated in 2009 the TB treatment success rate of 
72% and 88% for HIV co-infected and non-HIV infected TB patients, 
respectively [67]. But, according to the global TB report of 2012, HIV 
co-infected TB patients had 74% favorable treatment outcomes 
compared with 88% for HIV-negative TB patients [68]. Additionally, 
according to WHO 2017 Global Tuberculosis report, the global treat-
ment success rate for HIV-associated TB cases among the 2015 cohort 
was 78% and in the WHO Africa region, it was 80% [69]. The low 
treatment success rate observed in the present study might be due to the 
high treatment default rate, failure, and death rate among the 
co-infected patients. The difference between our findings and results of 
others might be due to the presence of TB and HIV drug-drug interac-
tion, the patient’s knowledge on the necessity of adhering to TB treat-
ment, and the presence of facilities used to diagnose and treat these 
comorbidities [18]. 

TB associated death rate in the present study was 8.3% which was in 
line with the report by Tola et al. (7.7%) [36], Beyene et al. (9.3%) [19], 
and Ejeta et al. (8.1%) [47]. On the contrary, the death rate was lower as 
compared to the study conducted by Kefale et al. (12.77%) [15], Tes-
sema et al. (10.1%) [30], and Akanbi et al. (10.1%) [41]. Additionally, 
some studies reported lower proportion of TB associated death rate, 
ranging from 3.6% in Arsi Negele Health Center to 6.3% in West 
Ethiopia [1,5,8,14,27,32,59]. Among those died, 17.6% were HIV pos-
itive patients. Similar findings were reported from Dessie Referral 
Hospital (18%) [19] and Felege Hiwot Referral Hospital (15.2%) [5]. 
However the finding was higher compared to study at eight health fa-
cilities in Addis Ababa (8.3%) [44]. Poor management of the health care 
system, non-adherence to their treatments, and shortage of DOTS could 
have contributed to unfavorable treatment outcomes. Overall, the dif-
ference in the mortality rates at different setups might be due to insti-
tutional factors, patient-related factors, and methods of study employed. 
Hence, strengthening monitoring, supervision, and health education to 
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reduce deaths should be among the top priorities in the study area. 
The other main challenge of the TB controlling program is treatment 

failure. In the current study, 6.3% of the TB patients were identified as 
treatment failure [27]. This figure was comparable with study at West 
Ethiopia (7.6%) [45] and lower as compared to study at South-western 
Nigeria (12.8%) [23]. Unlike our findings, other previous studies 
revealed lower rates of treatment failure ranged between 0.2% in 
Western Ethiopia to 3.7% at public hospitals of Harar town [1,5,6,8,27, 
30,32,36,41,47,59]. The higher treatment failure in our study area 
might be related to variables like the severity of the disease, timing of 
the treatment, adherence to the treatment, available facilities, recording 
of patients’ history and behavioral as well as socioeconomic character-
istics of study participants. 

Defaulting from the anti-TB treatment clinic is one of the other 
challenges of the TB controlling program. The default rate of TB patients 
in the current study was 4%, which is comparable with the findings from 
Abeokuta, Nigeria (4.6%) [41] and West Ethiopia (3.5%) [45]. The 
figure was higher than reports from Felege Hiwot Referral Hospital 
(2.5%) [5], Arsi Negele health center (1.7%) [6], and Mizan-Aman 
general hospital (1.3%) [14]. However, the majority of previous 
studies reported that higher defaulting rate ranged from 5.9% in Sodo 
town (32) to 18.3% in Gondar University Teaching Hospital [1,8,12,15, 
30,32,47]. This lower defaulter rate in this study might be due to proper 
supervision and better health education. 

Understanding and identification of factors associated with treat-
ment outcome of TB patients are very indispensable to overcome those 
factors leading to poor treatment outcomes and can help to design an 
appropriate evidence-based intervention to reduce morbidity and mor-
tality [27]. Upon multivariate regression analysis, the treatment 
outcome was varied with sex, age, marital status, educational level, 
residence, Tb category, TB enrollment, and HIV status. 

Age was found to be one predictor factor for successful treatment 
outcomes, where the age group of 25–49years was associated with 
favorable outcomes. Previous studies also supported that being an older 
age (increased age) was associated with a lower treatment success rate 
including a higher risk for mortality that needs to be addressed urgently 
[1, 5, 10, 30, 35, 44, 70, 71]. Global TB 2012 reported that TB patients 
≥65 years of age had a higher likelihood of unfavorable outcome than 
those in the other age groups [44,72]. Older age has been reported to be 
a risk factor for death, partly due to comorbidities as well as the general 
physiological deterioration with increasing age [30,31],. However, 
other studies revealed that odds of successful treatment outcome was 
higher among older patients compared to younger patients [9,11,30,56] 
which might be because TB/HIV co-infection affects the reproductive 
age group. 

In the present study, female patients were more likely to have suc-
cessful treatment outcomes compared to male patients and this finding 
was in line with many previous studies [1,27,30,73,74]. The higher 
social interaction outside the home by males, social isolation associated 
with treatment rejection, use of social drugs, and other related behaviors 
among males might contribute to their higher default, failure, and death. 
Additionally, most females stay at home and need their drugs compared 
to males who are always busy with playing with their peers. Unlike the 
current finding, a study by Beyene et al. showed about two-fold risk of 
mortality among female TB patients compared to males [19]. This dif-
ference might be related to socio-economic and socio-cultural factors 
affecting women mostly in developing countries such as poor quality of 
life, overcrowding, under-nutrition, low level of education and 
empowerment as well as social placement of women as inferior to men. 

The odd of successful TB treatment was significantly low among 
patients who were single as compared to those who were married. This 
was similar to a study conducted in Somali and Turkey where married 
patients had higher successful treatment [75,76]. This could be because 
patients lack family support and therefore miss their medication. 

The educational status of the patients was also another factor that 
was associated with TB treatment outcome and higher educational 

status patients were more likely to be successful. This corresponds to 
findings conducted in Somalia and Turkey where patients with low 
education had higher unfavorable treatment outcome [75,76]. The dif-
ferences between educated and less-educated might be due to the dif-
ference in living styles, knowledge level, economic background, 
communication strategies, and clinical condition. Education is perceived 
to reduce ignorance, increase knowledge on drugs management, trans-
mission route, preventive measures, and suspicious symptoms that re-
sults in good medication compliance. Low education level is also 
associated with poor health, low self-management behaviors, and lower 
continuity of care. 

In this study, the patients from urban areas had a significantly higher 
treatment success rate compared to rural residents which was in line 
with studies reported elsewhere [5,10,18,30,41,56,77]. The lower 
treatment success rate in rural patients could be due to lower awareness 
of TB treatment, poor socioeconomic status, and the long-distance from 
the treatment center due to the unavailability of nearby health in-
stitutions. Additionally, fear of stigma and discrimination outside of the 
town might be contributed to unfavorable TB treatment outcomes. 

The present study demonstrated that there were higher odds of un-
successful treatment outcome among EPTB and PTB- compared with 
PTB + which was consistent with the results of other studies [5,6,10,15, 
56,58,78]. The finding might be attributed to delayed diagnosis and 
initiation of treatment in PTB- and EPTB patients, where patients’ 
treatment response was managed only clinically [79]. In PTB+, sputum 
tests have immense contribution to know the patients’ treatment 
response on time and manage the condition to prevent further morbidity 
and development of drug resistance The existing literatures also showed 
a higher prevalence of HIV in patients with PTB- and EPTB [6,80,81]. 
However, other studies revealed that PTB + patients had higher un-
successful treatment outcomes than EPTB and PTB- [8,36,44,82]. The 
relatively lower overall successful treatment among smear-positive PTB 
in these studies could be attributed to poor smear microscopy resulting 
in false PTB- and lack of tracing out of the treatment outcomes of 
defaulted patients. 

The study also revealed that the risk of unsuccessful TB treatment 
outcome was significantly higher among retreated cases compared to 
newly registered and the finding was in agreement with previous studies 
[10,20,27,36,41,75,76]. Patients with previously treated cases have a 
high level of treatment failure as a result of possible development of 
drug resistance in the repeated exposure [10]. This could be due to due 
to improper use of drugs by TB patients associated with administration 
of wrong treatment regimens and poor adherence to anti-TB drugs. 

The HIV status of TB patients was one of the factors that was asso-
ciated with the treatment outcome. TB/HIV co-infection was signifi-
cantly associated with poor TB treatment outcome in the present study 
and this finding was consistent with several previous studies [1,6,11,19, 
20,25,27,34,35,78,83]. Several possible explanations could be proposed 
for the striking difference in treatment success between patients with TB 
only and those co-infected with HIV. Concomitant administration of 
anti-TB and ART drugs, which can lead to default from higher pill 
burden, poor patient compliance, and missing pills due to fear of 
side-effects [9,18]. All of these factors can lead to treatment failure, drug 
interactions, overlapping toxic effects, immune reconstitution syndrome 
and ultimately death [9,31]. The presence of other morbidities like 
neoplastic diseases and other opportunistic diseases in HIV positive TB 
patients also implicated in the increased mortality [84]. Immunological 
studies have also shown that the host responses to Mycobacterium 
tuberculosis enhance HIV replication. Thus, accelerating the natural 
progression of HIV and further decreasing cellular immunity [19,85]. 

HIV infection is one of the major reasons for the unfavorable 
tuberculosis treatment success rate (at least 85% cure rate among new 
sputum SPTB + cases) in countries with a high burden of HIV infection 
[19]. This is attributable to factors such as overdiagnosis of sputum 
SNPTB, under-diagnosis of SPPTB low cure rates, high mortality and 
default rates during treatment as well as atypical clinical presentation of 
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TB in HIV infected patients. While this is true, our results suggest that 
the implementation of program guidelines in a coordinated manner can 
result in good treatment outcomes among those co-infected with TB and 
HIV. Hence, early diagnosis and prompt treatment among people living 
with HIV is paramount for decreasing TB associated morbidity and 
mortality. 

4.1. Limitation of the study 

Our study was subject to several important limitations. First, this 
study was related to the use of retrospective secondary data which in 
some way proved to have some issues with missing and getting inac-
curate data. Some important variables which might have an impact on 
TB treatment outcome like socioeconomic characteristics (weight, 
height, income, family size, living condition, social support, distance to 
the health facility), treatment and disease-related variables (adherence 
level, viral load, drug resistance, presence of other comorbidities, spe-
cific types of EPTB, the severity of immune suppression), as well as 
behavioral factors (knowledge and attitude about the diseases, alcohol 
abuse, cigarette smoking, illicit drug use) were not recorded. 

Second, we evaluated patients treated at a single institution, not 
reflecting approaches at other medical centers that require caution in 
generalizing for a large community. Hence, a prospective and multi- 
centric study is required to validate our results. Third, the data have 
been extracted from medical records of patients who have been already 
visited and registered at the hospital, so it may be subjected to selection 
bias. Additionally, TB-HIV co-infected patients who started ART before 
initiating TB treatment, and those who started ART while being treated 
for TB, were included in the same group which may also introduce bias. 
Finally, the exclusion of medical records of a patient who were trans-
ferred out and/or found to be incomplete may have also slightly affected 
our results. 

5. Conclusion 

In summary, the treatment success rate of TB patients treated at NSH 
was 81.2%, lower than NTLCP, and WHO target set for the Millennium 
Development Goal of 85%. Furthermore, the odds of successful treat-
ment outcome were higher among patients 25–49 years of age, females, 
married, urban residents, patients with better education level, HIV 
negative, PTB + and new cases as compared to their counterparts. The 
findings of this study also demonstrated statistically significant differ-
ences between the treatment outcome rates among TB/HIV co-infected 
patients and TB-HIV negatives patients. 

The increased unsuccessful treatment outcome among TB/HIV pa-
tients requires urgent public health interventions and the strengthening 
of existing control programs to improve the evaluation policy and con-
trol framework among TB and HIV co-infected patients. This integrated 
and coordinated TB control program that includes active case surveil-
lance, effective care and treatment, and quality laboratory diagnosis 
services reduces morbidity and mortality. Optimal provision of quality 
care, early identification, and prompt initiation of treatment for both TB 
treatment and HIV patients will help in bringing down the morbidity and 
mortality associated with TB-HIV co-infection. Hence, interventions 
should also direct at modifiable risks such as treatment of opportunistic 
infections and other concomitant illnesses or conditions. 

Frequent supportive supervision and health education should be 
given for the society on the mode of transmission of TB, prevention of 
infection, benefits medication adherence, the impact of TB-HIV co- 
infection on TB treatment outcomes. Additionally, actions targeting 
predictor factors like education for rural residents and good coverage of 
diagnostic agents as well as the quality of laboratory services for EPTB 
are necessary. The data registration system of patients should be 
modified to include patients’ practices like smoking habits, alcoholism 
and other chronic illness. Furthermore, future prospective and qualita-
tive studies are needed to identify other potential sociodemographic, 

medication, clinical, delivery of services, patient compliance, and 
behavioral factors that could affect the treatment outcomes of TB 
patients. 

Since our study was conducted in a single setup, collaborative pro-
jects that can incorporate broad areas with large samples are recom-
mended to give a more balanced view of factors influencing TB 
treatment outcomes and impacts of HIV on treatment. 
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