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Abstract

Objective: This study assessed the outcome of tuberculosis treatment and associated factors in

Bale Zone, Southeast Ethiopia in 2017.

Methods: This was 5-year retrospective study of a health registry for tuberculosis patients,

which was reviewed from 1 September 2011 to 30 August 2016. Data were analyzed, and

descriptive and logistic regression analyses were used to identify the factors that were associated

with tuberculosis treatment outcomes.

Results: Among the 7205 tuberculosis patients, 6325 (87.8%) had a successful treatment out-

come and 880 (12.2%) had an unsuccessful outcome. The age groups �14 years (adjusted odds

ratio [AOR]¼2.21), 15 to 24 years (AOR¼1.61), 25 to 34 years (AOR¼1.86), or 35 to 44 years

(AOR¼1.65); being treated at a hospital (AOR¼1.63) or health center (AOR¼2.52); pulmonary

tuberculosis-positive (AOR¼0.80); or extrapulmonary tuberculosis patients (AOR¼ 0.78) were

the factors that were significantly associated with tuberculosis treatment outcome.

Conclusions: Public health facilities should pay special attention to the identified variables for

tuberculosis prevention and control activities, especially focusing on supporting health workers

who work at a health post (lowest level of Ethiopia’s three-tiered healthcare system).
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Introduction

Tuberculosis (TB) is one of the deadliest

communicable diseases; it causes 1.7 million

deaths annually.1 In 2016, there were an

estimated 10.4 million new TB cases,

which was the tenth leading cause of

death globally.2 TB is a treatable and cur-

able disease when the patients receive

proper treatment. Despite the availability

of cost-effective treatment, TB continues

to be a major public health problem world-

wide, particularly in developing countries.

Low- and middle-income countries account

for over 95% of all new TB cases and

deaths. One of the highest incidences and

number of TB deaths in the world occurs

in sub-Saharan Africa.3–5

The global target for TB control is to iden-

tify at least 70% of smear-positive patients

and to cure at least 85% of the identified

patients. If TB patients are not identified

and treated in accordance with the protocol,

patients with active TB will continue to spread

the disease among the healthy population.

The consequences of inappropriate handling

of TB patients extends the period of infection

and increases the rate of treatment failure and

drug resistance. People of reproductive age

(15–59 years) are the most susceptible to this

catastrophic disease, and there is a major eco-

nomic burden that is placed upon both indi-

viduals and countries. The World Health

Organization (WHO) has planned to end the

global TB epidemic in 2035 by reducing TB-

related deaths and the TB incidence by 95%

and 90%, respectively.6–9

In accordance with the 2018 WHO

Worldwide TB report, Ethiopia is one of

30 countries with a high TB burden, with

an incidence of all forms of TB of 151 per

100,000.10,11 TB in Ethiopia is the leading

cause of morbidity, and it is the third high-

est cause of hospital admission and the

second highest cause of death in the era of

human immunodeficiency virus (HIV).12,13

A TB control program indicator is treat-
ment outcomes, and these outcomes include
cured, completed treatment, lost to follow-
up, treatment failure, death, and developed
multi-drug resistant (MDR) TB. Among
these treatment outcomes, the first two
(cured and completed treatment) are the
goals of the program, whereas the other out-
comes are not the program’s goals. In differ-
ent studies, the risk factors for poor TB
treatment outcomes were age less than 24
years, male sex, year of registration being
2018, smear-negative pulmonary TB (PTB),
extrapulmonary TB (EPTB), retreatment,
and HIV-positive TB patients.14–17

Although a standardized TB prevention
and control program that integrated a
directly observed treatment strategy was
started Bale Zone over two decades ago,
treatment outcomes and the factors that
result in poor treatment outcomes have
not been studied in the zone. Therefore,
this study assessed the treatment outcome
of TB patients and determined the correla-
tion of factors among TB patients who
underwent treatment within the 5-year
study period at Bale Zone public health
facilities.

Methods

Study setting

This institutional-based retrospective
cohort study design was conducted in the
Bale Zone public health facilities that
treated TB patients by the health records
for patients who were registered from 1
September 2011 to 30 August 2016. Bale
Zone is located in Oromia Regional State,
and it is 430 km southeast of Addis Ababa,
Ethiopia. The data were collected from four
hospitals, 70 health centers, and 31 health
posts (health posts are the lowest level of
Ethiopia’s three-tiered healthcare system).
Hospitals and health centers had both diag-
nosis and treatment services for TB
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patients, while health posts only had treat-
ment services for TB patients. After a TB
diagnosis, the patients were referred to the
TB clinic for registration and TB treatment
services, which were free of charge. All
patients who underwent anti-TB treatment
during the 5 years of the review period and
who had a treatment outcome were includ-
ed in this study. TB patients followed the
standard treatment course for a minimum
duration of 6 months. Patients who did not
have a record of their treatment outcome or
who were transferred to another institution
were excluded.

Data collection tools and methods

Data were obtained from the logbook of TB
patients using structured tools that were
adapted from different studies and the
Ethiopian TB and leprosy treatment guide-
lines.15,18–20 Data were collected by trained
health professionals who were under the
supervision of trained supervisors. The
investigators controlled all the data collec-
tion process activities.

The patient health record review checklist
includes variables such as socio-demographic
characteristics (age, sex, weight, residence,
place where the patient underwent the treat-
ment, year of treatment); comorbidity (TB/
HIV co-infections); type of TB for which
the patient was treated (smear-negative
PTB, smear-positive PTB, and EPTB); and
patient category (new patient, retreatment
patient, and transfer-in).

Definitions of clinical cases and treatment

outcomes. In accordance with the standard
definitions of the National Tuberculosis
and Leprosy Control Program guideline
(NTLCP), we used clinical case and treat-
ment outcome definitions from the WHO,
which are described below.20

Pulmonary TB, smear-positive: A patient
with at least two sputum specimens that
were positive for acid-fast bacilli (AFB) by

microscopy, or a patient with only one
sputum specimen that was positive for
AFB by microscopy and chest radiographic
abnormalities that were consistent with
active PTB.

Pulmonary TB, smear-negative: A patient
with symptoms that were suggestive of TB
with at least two sputum specimens that
were negative for AFB by microscopy and
with chest radiographic abnormalities that
were consistent with active PTB (including
interstitial or military abnormal images); or
a patient with two sets of at least two
sputum specimens that were taken at least
2 weeks apart and that were negative for
AFB by microscopy, radiographic abnor-
malities that were consistent with PTB,
and a lack of clinical response to 1 week
of broad-spectrum antibiotic therapy.

Extrapulmonary tuberculosis

EPTB included TB in organs and places in
the body other than the lungs, such as
lymph nodes, abdomen, genitourinary
tract, skin, joints, bones, and meninges. A
diagnosis of EPTB was based on fine-needle
aspiration cytology, biochemical analyses
of cerebrospinal/pleural/ascitic fluid, the
patient’s pathological examination results,
or strong clinical evidence that was consis-
tent with active EPTB followed by the
physician’s decision to treat the patient
with a full course of anti-TB chemotherapy.
In all patients with EPTB, sputum exami-
nations and chest radiographs were used to
investigate the involvement of the lung
parenchyma. The participating hospitals
lacked the facilities that are required for
culture and drug susceptibility testing.

Treatment outcome: The treatment out-
come was divided into seven categories in
accordance with the NTLCP guidelines.
These categories were as follows:

Cure: a patient who finished their treat-
ment with negative bacteriology results at
the end of treatment;
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Completed treatment: a patient who fin-

ished treatment, but without a bacteriology

result at the end of treatment;
Failure: a patient who remained smear-

positive after 5 months of treatment,

despite taking their medication correctly;
Lost to follow-up: a patient who inter-

rupted their treatment for 2 or more con-

secutive months after registration;
Died: a patient who died from any cause

during the course of treatment;
Transferred out: a patient whose treat-

ment results are unknown due to transfer

to another health facility; and
Successfully treated: a patient who was

cured or completed their TB treatment.

Data processing and statistical analysis

Data were checked for completeness,

cleaned, and entered into a database using

Epi-data version 3.1 (JM Lauritsen, http://

www.epidata.dk), then transferred to the

Statistical Package for Social Science

(SPSS) version 21 (IBM Corp., Armonk,

NY, USA) for analysis. Both descriptive

(mean, percentages, and frequencies) and

inferential analyses were conducted. The

dependent variable is dichotomous, and it

included successfully treated (cured or com-

pleted treatment) and not successfully

treated (default [lost to follow-up], treat-

ment failure, death, and developed MDR)

outcomes. Bivariate logistic regression anal-

ysis was used to identify factors that were

associated with the dependent variable. The

possible effects of confounders were con-

trolled through multivariate logistic regres-

sion analysis to identify independent

predictors of the study variable.

Association between the explanatory and

dependent variables was assessed at a p-

value of 0.05. The variables that showed a

p-value <0.05 were considered to be statis-

tically significant for all the independent

variables in the final model.

Ethical considerations. Ethics approval was
provided by the Madda Walabu University
on 16 November 2017. A supportive letter
was obtained from the University Research
Directorate to Zonal Health Department. A
supportive letter was then obtained from the
health facilities administration at the Zonal
Health Department. The patient data were
accessed after approval by the health facili-
ties administration and before data collec-
tion. Confidentiality was ensured during
data collection; the name or identification
number and the address of the patient were
not recorded in the data collection checklist.

Results

Socio-demographic and clinical
characteristics of the tuberculosis patients

In this study, 7205 health records from TB
patients who were registered from 1
September 2011 to 30 August 2016 for TB
treatment services were reviewed. The
median age of study participants was 26.00
years with an interquartile range of 20 to 38
years. Among the participants, 4093 (56.8%)
were men. For the treatment adherence sup-
port centers, 4726 (65.6%) of the patients
underwent their treatment at health centers.
Nearly three-fourths of the patients (5304;
73.6%) who were in the initial referral link-
age had sought health care on their own.
The patients’ clinical records showed that
2873 (39.9%), 2409 (33.4%), and 1923
(26.7%) of the patients were PTB-negative
or PTB-positive, or had EPTB, respectively.
Among all of the TB patients, HIV test
results were positive for 745 (10.3%)
patients. Among the HIV-positive patients,
661 (88.7%) had started antiretroviral ther-
apy (ART; Table 1).

Treatment outcomes and their trends

Among 7205 TB patients, 6325 (87.7%) had
a successful treatment outcome, which
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means that 4525 (62.8%) and 1800 (25.0%)

of these patients had a treatment outcome

that was treatment completed and cured,

respectively. Overall, 2409 of the TB patients

were smear-positive, and the cure rate was

74.7% (1800 patients); 880 (12.2) patients

had an unsuccessful treatment outcome,

which comprises 236 (3.3%) patients who

were lost to follow-up, 99 (1.4%) patients

who had treatment failure, 525 (7.3%)
patients who died, and 20 (0.3%) patients

who developed MDR TB (Table 2).

Among TB patients who developed

MDR,20 17 (85%) of these patients were

from the new TB category. The death rate

steadily decreased over the study period,

from 212 (9.6%) in 2012 to 2013 to 81

(5.9%) in 2015 to 2016, and the number of

patients who were lost to follow-up

decreased from 59 (4.7%) in 2012 to 36

(2.7% 186) in 2016. The results showed a
decreasing trend in TB patient deaths and

Table 1. Socio-demographic characteristics of tuberculosis patients in Bale Zone
health facilities, Southeast Ethiopia, September 2011 to August 2016.

Variables Frequency (n¼7205) Percentage (%)

Sex

Male 4093 56.8

Female 3112 43.2

Age (years)

�14 972 13.5

15–24 2113 29.3

25–34 1850 25.7

35–44 981 13.6

45–54 608 8.4

55–64 366 5.1

�65 315 4.4

Source of initial referral

Health extension workers 288 4.0

Self 5304 73.6

Other health facility 941 13.1

Unknown 672 9.3

Treatment adherence support center

Hospital 2331 32.4

Health center 4726 65.6

Health post 148 2.1

TB category

New 6631 92.0

Retreatment 170 2.4

Default 111 1.5

Transfer-in 285 4.0

Failure 8 0.1

TB–HIV co-infection

Yes 745 10.3

No 6460 89.7

HIV-positive TB patients who were taking ART

Yes 661 88.7

No 84 11.3

TB, tuberculosis; HIV, human immunodeficiency virus; ART, antiretroviral treatment.
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in TB patients who were lost to follow-up
(Figure 1). Smear-negative PTB decreased
from 748 (26.0%) patients in 2012 to 487
(17.0%) patients in 2016, but the smear-
positive PTB detection rate increased from
28.5% to 38.5% in 2012 and 2016, respec-
tively (Figure 2). Among the 2406 smear-
positive PTB patients, 2193 (91.1%) of the
patients were smear-negative after 2 months.

Factors associated with tuberculosis
treatment outcome

The association of explanatory variables
such as residence, sex, TB type, TB

category, TB/HIV co-infection, initial refer-

ral, treatment adherence support center,

year of treatment, and patient age category

were assessed with the TB treatment out-

come using a bivariate analysis. Thus, resi-

dence, TB type, treatment adherence

support center, year of treatment, and age

group were associated with the treatment

outcomes in the bivariate analyses.

In the final model using multivariate
logistic regression, age, TB type, treatment
adherence support center, and year of treat-
ment for patients became independent pre-
dictor variables for the TB treatment

Table 2. Tuberculosis patient treatment outcomes in Bale Zone health facilities,
Southeast Ethiopia, September 2011 to August 2016.

Variable Frequency Percentage (%)

Treatment outcomes

Successful 6325 87.8

Unsuccessful 880 12.2

Successful treatment outcome

Completed 4525 62.8

Cured 1800 25.0

Unsuccessful treatment outcome

Lost to follow-up 236 3.3

Failure 99 1.4

Death 525 7.3

Developed multi-drug resistant tuberculosis 20 0.3

2%

4.70%
3.80%

2.70%
3.60%

1.10% 1.40% 1.60% 1.50% 1.20%

6.80%

9.60%

8%

6.60%
5.90%

0.10% 0.30% 0.70% 0.30%0%

5%

10%

2011-12 2012-13 2013-14 2014-15 2015-16

Pe
rc

en
ta

ge Default

Failure

Death

Move to MDR

Figure 1. Trends for unsuccessful treatment outcomes in Bale Zone health facilities, Southeast Ethiopia,
September 2011 to August 2016.
MDR, multi-drug resistant; Failure, treatment failure; Default, lost to follow-up.
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outcome. TB patients who had continued
their treatment at a hospital or health
center showed a three-fold better treatment
outcome and more than a two-fold
improvement compared with patients who
continued their treatment at a health post
(adjusted odds ratio [AOR]: 2.96 [1.41–
6.20] and 2.57 [1.44–4.57]), respectively.
TB patients whose age was �14 years, 15
to 24 years, 25 to 34 years, and 35 to 44
years were more likely to show a successful
treatment outcome, with the an AOR of
2.21 (1.53, 3.19), 1.61 (1.16, 2.22), 1.86
(1.34, 2.59), and 1.65 (1.16, 2.35), respec-
tively (Table 3).

Discussion

This retrospective cohort study showed that
the successful treatment outcome was
87.7%, which is lower than the NTLCP
and WHO target of 90%.21 It was also
lower than that in the studies that were con-
ducted in some parts of Ethiopia including
92.5% in Harar Town, Eastern Ethiopia17

and 89.0% in the Tigray region of
Ethiopia.22 However, there was higher suc-
cess compared with studies that were con-
ducted in Gonder (60.1%),14 the Southern
region of Ethiopia (74.8%),23 and the
Northwest region of Ethiopia (82.6%).18

This difference might be because of the
area that the study covered, treatment
period, and patients’ residence area.

The unsuccessful treatment outcome of
this study was 12.3%, which was better
than that in other studies that were con-
ducted in the Southern part of Ethiopia
(Dilla, 14.8%),18 Northern Ethiopia
(Tigray, 10.8%),21 and Addis Ababa
(17.3%).24 The differences might be the
sample size, study period, or study setting.

This study also verified that the TB
patient death rate decreased from 9.6% to
5.9% over time (September 2012–August
2016). This might be due to increasing
efforts to recruit TB patients for HIV
screening and initiating ART for TB/HIV
co-infected patients. In this study, among
the total number of patients for whom
their information was complete and ana-
lyzed, the proportion of men with TB was
higher than that of women. This result is
consistent with previously published stud-
ies.19 In some instances, women have
more difficulty accessing a diagnostic facil-
ity, but the broader pattern also reflects real
epidemiological differences between the
sexes. This could be due to the underutili-
zation of Directly Observed Treatment
Short course (DOTS) by women because
they do not attend healthcare visits.8

Smear-negative PTB steadily decreased
from 748 (26.0%) patients in 2012 to 487
(17.0%) patients in 2016, but the smear-
positive PTB detection rate increased from
28.5% to 38.5% in 2012 and 2016, respec-
tively, in this study. However, a study from

 

43.0%
45.9%

40.4%
34.4% 35.2%

28.5% 28.1%
33.4%

39.6% 38.5%

28.5% 26.0% 26.3% 26.0% 26.2%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

2011-12 2012-13 2013-14 2014-15 2015-16

Pe
rc

en
ta

ge
 

PTB-

PTB+

EPTB

Note:  

PTB-: Pulmonary tuberculosis 
nega�ve;  

PTB+ -Pulmonary tuberculosis 
posi�ve;  

EPBT-Extra pulmonary 
tuberculosis 

Figure 2. Trends for different types of tuberculosis in Bale Zone public health facilities, Southeast Ethiopia,
September 2011 to August 2016.
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Ethiopia indicated that the number of PTB-

positive or -negative patients was decreas-

ing over the periods that were reviewed.25

Among all types of registered TB patients,

smear-positive PTB was 33.4%. This was

higher than that in studies that were con-

ducted in North Ethiopia Gondar

(19.1%)18 and the Awi Zone (18.7%),25

which might be due to differences in the

infrastructure and the study period in

these studies.
In this study, there was no statistically

significant association between treatment

outcome and TB patient residence or TB

type. However, among registered TB

patients in Southern Ethiopia (Dilla), a

TB patient’s residence and TB type

showed an association with TB treatment

outcome, where a poor treatment outcome
was observed among both smear-positive

and -negative PTB patients. There were no

treatment outcome differences by sex in this

study, which is similar to the results of stud-

ies that were conducted in Southern

Ethiopia (Dilla) and Addis Ababa.18,24

TB/HIV co-infection did not show an

effect on the treatment outcome, which
was similar to the results of a study from

Table 3. Multivariable logistic regression model that predicts the treatment outcome in Bale Zone health
facilities, Southeast Ethiopia, September 2011 to August 2016.

Explanatory variables

Treatment outcome

COR (95% CI) AOR (95% CI)

Not successful,

n (%)

Successful,

n (%)

Residence

Urban 258 (14.2) 1557 (85.8) 0.79 (0.67, 0.92) 0.94 (0.79, 1.12)

Rural 622 (11.5) 4768 (88.5) 1.00 1.00

TB type

PTB� 315 (11.0) 2558 (89.0) 1.00 1.00

PTBþ 320 (13.3) 2089 (86.7) 0.80 (0.68, 0.95) 0.80 (0.67, 0.95)

EPTB 245 (12.7) 1678 (87.3) 0.84 (0.71, 1.01) 0.78 (0.65, 0.94)

Treatment adherence support centers

Hospital 362 (15.5) 1969 (84.5) 1.68 (1.14, 2.50) 1.63 (1.09, 2.45)

Health center 483 (10.2) 4243 (89.8) 2.72 (1.84, 4.02) 2.52 (1.69, 3.76)

Health post 35 (23.6) 113 (76.4) 1.00 1.00

Age (years)

�14 93 (9.6) 879 (90.4) 2.00 (1.39, 2.87) 2.21 (1.53, 3.19)

15–24 261 (12.4) 1852 (87.6) 1.50 (1.09, 2.06) 1.61 (1.16, 2.22)

25–34 197 (10.6) 1653 (89.4) 1.78 (1.28, 2.46) 1.86 (1.34, 2.59)

35–44 116 (11.8) 865 (88.2) 1.58 (1.11, 2.24) 1.65 (1.16, 2.35)

45–54 100 (16.4) 508 (83.6) 1.08 (0.75, 1.54) 1.00 (0.76, 1.58)

55–64 58 (15.8) 308 (84.2) 1.12 (0.75, 1.68) 1.15 (0.76, 1.72)

�65 55 (17.5) 260 (82.5) 1.00 1.00

Year

2011–2012 174 (10.0) 1566 (90.0) 1.11 (0.88, 1.40) 1.16 (0.91, 1.46)

2012–2013 199 (15.7) 1068 (84.3) 0.66 (0.52, 0.83) 0.73 (0.58, 0.92)

2013–2014 200 (13.7) 1259 (86.3) 0.78 (0.62, 0.97) 0.85 (0.67, 1.06)

2014–2015 155 (11.4) 1201 (88.6) 0.95 (0.76, 1.21) 0.10 (0.77, 1.27)

2015–2016 152 (11.0) 1231 (89.0) 1.00 1.00

95%CI, 95% confidence interval; TB, tuberculosis; COR, crude odds ratio; AOR, adjusted odds ratio; PTB, pulmonary

tuberculosis; EPTB, extrapulmonary tuberculosis.
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Northwest Ethiopia.18,26 TB patients who

were �14 years of age, 15 to 24 years, 25

to 34 years, and 35 to 44 years showed more

successful TB treatment outcomes. This

result is supported by previously published

studies.19,24,27 However, older people have

an increased susceptibility to infectious dis-

eases, particularly diseases of the respirato-

ry tract.28 Another variable that was a

determining factor for the success of TB

treatment in this study was the place

where the patients underwent their treat-

ment. This means that patients who under-

went TB treatment at a hospital or at a

health center were more likely to show

treatment success compared with patients

who underwent treatment at a health post.

This might be due to differences in the

infrastructure, service access, and knowl-

edge among health care providers.

However, this was a secondary analysis.

The limitations of this type of data are

well known, especially in low-income coun-

tries where data documentation is poor. In

addition, important patient information

that could affect TB treatment outcome,

including co-morbidity with other chronic

illnesses, distance from the treatment

center, patient occupation, and patient edu-

cational level were not obtained; thus, they

were not included in the analysis.

Conclusions and

recommendation

The proportion of patients with successful

treatment outcomes was lower than the

WHO target that was set to end TB strate-

gies, which was 90%. Over 50% of patients

were in the reproductive age range of 15 to

44 years. Among the patients who devel-

oped MDR, a high proportion were from

the new TB category. Thus, public health

facilities and the health department of com-

municable disease control in Bale Zone may

need to develop strategies to address new

TB cases, while adhering to treatment and

supporting health workers who work at

health posts. Further, it is recommended

that these factors are studied using a

strong study design and primary data.

Ethics approval

Ethics approval was provided by Madda

Walabu University Ethical Review Committee.

A letter of support was obtained from the

University Research Directorate to Zonal

Health Department. A letter of support from

the Zonal Health Department was provided to

the hospitals and health centers. The hospital

administration and health centers provided per-

mission before the data were collected. To ensure

confidentiality of the information, patients’

names were not collected. Patient records/infor-

mation were used only for research purposes.

Acknowledgments

We would like to thank Madda Walabu

University for their support. Our thanks are

also extended to Bale Zone and the district

Health Office for their support. Finally, our

appreciation also goes to health workers who

supported this study during data collection.

Author contributions

BW, JD, and ND conceived and designed the

study. BW, ND, JD, and TT performed the anal-

ysis and interpreted the data. JD and TT assisted

the analysis. BW and ND prepared the manu-

script. ND and TT critically reviewed the man-

uscript. All authors read and approved the final

manuscript.

Availability of data and materials

The datasets that were used in this study for

analysis and other information are available

from the author upon reasonable request.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Woldemichael et al. 9



Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Bedasa Woldemichael https://orcid.org/0000-

0002-1085-7847

References

1. World Health Organization. Global tuberculo-

sis control 2017. Geneva: WHO, 2017. www.

who.int/tb/publications/global_report/en/.
2. World Health Organization. Use of high

burden country lists for TB by WHO in the

post-2015 era. WHO/HTM/TB/2015.29,

2016. www.who.int. 2015. https://www.who.

int/tb/publications/global_report/high_tb_

burdencountrylists2016-2020.pdf
3. Mohammed S, Nagla S, Morten S, et al.

Illness perceptions and quality of life

among tuberculosis patients in Gezira,

Sudan. Afr Health Sci 2015; 15: 385–393.

http://dx.doi.org/10.4314/ahs.v15i2.11.
4. Mahmud O, Dates C, Akil L, et al. HIV and

tuberculosis trends in the United States and

select sub-Saharan Africa countries. Int J

Environ Res Public Health 2011; 8:

2524–2532. doi:10.3390/ijerph8062524.
5. World Health Organization Africa.

Tuberculosis Key Facts 2015 https://www.

afro.who.int/news/tuberculosis.
6. Mamani M, Majzoobi MM, Ghahfarokhi

SM, et al. Assessment of health-related qual-

ity of life among patients with tuberculosis in

Hamadan, Western Iran. Oman Med J 2014;

29: 102–105. DOI 10. 5001/omj.2014.25.
7. World Health Organization. Global tuber-

culosis report. WHO library cataloguing-in

publication data. 2015, ISBN 978 92 4

156505 9. www.who.int. 2012 https://www.

who.int/tb/publications/global_report/

gtbr15_main_text.pdf
8. Dye C and Borgdorff M. Global epidemiolo-

gy and control. Weinheim: WILEY-VCH

Verlag GmbH & Co. KGaA, 2008, ISBN:

978-3-527-31888-9.
9. Sarwar Awan M, Waqas M, Amir M et al.

Measurement of SF-6D utility among

patients with active tuberculosis. Global

Journal of Health Science 2011; 3.

Doi:10.5539/gjhs.v3n1p203. https://www.

researchgate.net/publication/50946033_

Measurement_of_SF-6D_Utility_among_

Patients_with_Active_Tuberculosis
10. WHO. Incidence of tuberculosis (per

100,000 people) - Ethiopia. 2019. https://

data.worldbank.org/indicator/SH.TBS.

INCD?locations=ET. 2019. https://data.

worldbank.org/indicator/SH.TBS.INCD
11. WHO. Global tuberculosis report 2018.

Geneva: World Health Organization, 2018.

Licence: CC BY-NC-SA 3.0 IGO. https://

apps.who.int/iris/handle/10665/274453
12. Ethiopia’s Federal Ministry of Health. July

2018 | The CDC division of global HIV and

TB activities are implemented as part of the

U.S. President’s Emergency Plan for AIDS

Relief (PEPFAR); non-HIV related TB

activities are supported by non-PEPFAR

funding. 2014. https://www.cdc.gov/globalh

ivtb/where-we-work/ethiopia/ethiopia.html
13. Federal Ministry of Health of Ethiopia.

National TB/leprosy control program report.

Addis Ababa: FMoH, 2011.
14. Biruk M, Yimam B, Abrha H, et al.

Treatment outcomes of tuberculosis and

associated factors in an Ethiopian university

hospital. Adv Public Health 2016; 2016:

Article ID 8504629, 9 pages. http://dx.doi.

org/10.1155/2016/8504629.
15. Addis Z, Birhan W, Alemu A, et al.

Treatment outcome of tuberculosis patients

in Azezo Health Center, Northwest

Ethiopia. International Journal of

Biomedical and Advance Research 2013; 4:

SSN: 2229-3809. DOI: 10.7439/ijbar. www.

ssjournals.com. https://www.ssjournals.

com/index.php/ijbar/article/view/286
16. Beza MG, Wubie MT, Teferi MD, et al. A

five-year tuberculosis treatment outcome at

KollaDiba Health Center, Dembia District,

Northwest Ethiopia: a retrospective cross-

sectional analysis. J Infect Dis Ther 2013;

1: 101. doi:10.4172/2332-0877.1000101.
17. Tola A, Minshore KM, Ayele Y, et al.

Tuberculosis treatment outcomes and asso-

ciated factors among TB patients attending

public hospitals in Harar Town, Eastern

10 Journal of International Medical Research

https://orcid.org/0000-0002-1085-7847
https://orcid.org/0000-0002-1085-7847
https://orcid.org/0000-0002-1085-7847
http://www.who.int/tb/publications/global_report/en/
http://www.who.int/tb/publications/global_report/en/
http://www.who.int
https://www.who.int/tb/publications/global_report/high_tb_burdencountrylists2016-2020.pdf
https://www.who.int/tb/publications/global_report/high_tb_burdencountrylists2016-2020.pdf
https://www.who.int/tb/publications/global_report/high_tb_burdencountrylists2016-2020.pdf
http://dx.doi.org/10.4314/ahs.v15i2.11
https://www.afro.who.int/news/tuberculosis.
https://www.afro.who.int/news/tuberculosis.
http://www.who.int. 2012
https://www.who.int/tb/publications/global_report/gtbr15_main_text.pdf
https://www.who.int/tb/publications/global_report/gtbr15_main_text.pdf
https://www.who.int/tb/publications/global_report/gtbr15_main_text.pdf
https://www.researchgate.net/publication/50946033_Measurement_of_SF-6D_Utility_among_Patients_with_Active_Tuberculosis
https://www.researchgate.net/publication/50946033_Measurement_of_SF-6D_Utility_among_Patients_with_Active_Tuberculosis
https://www.researchgate.net/publication/50946033_Measurement_of_SF-6D_Utility_among_Patients_with_Active_Tuberculosis
https://www.researchgate.net/publication/50946033_Measurement_of_SF-6D_Utility_among_Patients_with_Active_Tuberculosis
https://data.worldbank.org/indicator/SH.TBS.INCD?locations=ET
https://data.worldbank.org/indicator/SH.TBS.INCD?locations=ET
https://data.worldbank.org/indicator/SH.TBS.INCD?locations=ET
https://data.worldbank.org/indicator/SH.TBS.INCD
https://data.worldbank.org/indicator/SH.TBS.INCD
https://apps.who.int/iris/handle/10665/274453
https://apps.who.int/iris/handle/10665/274453
https://www.cdc.gov/globalhivtb/where-we-work/ethiopia/ethiopia.html
https://www.cdc.gov/globalhivtb/where-we-work/ethiopia/ethiopia.html
http://dx.doi.org/10.1155/2016/8504629
http://dx.doi.org/10.1155/2016/8504629
http://www.ssjournals.com
http://www.ssjournals.com
https://www.ssjournals.com/index.php/ijbar/article/view/286
https://www.ssjournals.com/index.php/ijbar/article/view/286


Ethiopia: a five-year retrospective study.

Tuberc Res Treat 2019; 2019: 1503219.
18. Gebrezgabiher G, Romha G, Ejeta E, et al.

Treatment outcome of tuberculosis patients

under directly observed treatment short

course and factors affecting outcome in

Southern Ethiopia: a five-year retrospective

study. PLoS One 2016; 11: e0150560.

Doi:10.1371/journal.pone.0150560.
19. Sintayehu W, Abera A, Gebru T, et al.

Trends of tuberculosis treatment outcomes

at Mizan-Aman General Hospital,

Southwest Ethiopia: a retrospective study.

International Journal of Immunology 2014;

2: 11–15. Doi: 10.11648/j.iji.20140202.11.

http://www.sciencepublishinggroup.com/j/

iji. http://www.sciencepublishinggroup.com/

journal/paperinfo.aspx?journalid=

115&doi=10.11648/j.iji.20140202.11
20. FMOH. Federal Ministry of Health of

Ethiopia (FMOH) national TB/leprosy control

program report. Addis Ababa: FMOH, 2010.
21. NTBCP. Guidelines for management of TB,

DRTB and leprosy in Ethiopia, 6th edition.

Addis Ababa, 2019, August 2018. https://

www.impaact4tb.org/wp-content/uploads/

2019/08/Ethiopia-National-guideline-for-TB-

Leprosy-and-DR_TB-6th-ed-Aug-2018.pdf
22. Berhe G, Enquselassie F and Aseffa A.

Treatment outcome of smear-positive pul-

monary tuberculosis patients in Tigray

Region, Northern Ethiopia. BMC Public

Health 2012; 12: article 537.
23. Mu~noz-Sellart M, Cuevas LE, Tumato M,

et al. Factors associated with poor tubercu-
losis treatment outcome in the Southern
Region of Ethiopia. Int J Tuberc Lung Dis

2010; 14: 973–979.
24. Getahuna B, Ameni G, Medhina G, et al.

Treatment outcome of tuberculosis patients
under directly observed treatment in Addis
Ababa, Ethiopia. Braz J Infect Dis 2013; 17:
521–528. http://dx.doi.org/10.1016/j.bjid.
2012.12.010.

25. Mekonnen A and Petros B. Burden of tuber-
culosis among students in two Ethiopian
universities. Ethiop Med J 2016; 54: 189–196.

26. Chemtob D, Epstein L, Slater P, et al.
Epidemiological analysis of tuberculosis
treatment outcome as a tool for changing
TB control policy in Israel. Isr Med Assoc

J 2001; 3: 479–483.
27. Biadglegne F, Anagaw BR, Debebe T, et al.

A retrospective study on the outcomes of
tuberculosis treatment in Felege Hiwot
Referral Hospital, Northwest Ethiopia. Int
J Med Sci 2013; 5: 85–91. http://www.aca
demicjournals.org/IJMMS. DOI:10.5897/
IJMMS12.142.

28. Byng-Maddick R and Noursadeghi M. Does
tuberculosis threaten our ageing popula-
tions?. BMC Infect Dis 2016; 16: 119.
https://doi.org/10.1186/s12879-016-1451-0.

Woldemichael et al. 11

http://www.sciencepublishinggroup.com/j/iji
http://www.sciencepublishinggroup.com/j/iji
http://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid=115&doi=10.11648/j.iji.20140202.11
http://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid=115&doi=10.11648/j.iji.20140202.11
http://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid=115&doi=10.11648/j.iji.20140202.11
http://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid=115&doi=10.11648/j.iji.20140202.11
https://www.impaact4tb.org/wp-content/uploads/2019/08/Ethiopia-National-guideline-for-TB-Leprosy-and-DR_TB-6th-ed-Aug-2018.pdf
https://www.impaact4tb.org/wp-content/uploads/2019/08/Ethiopia-National-guideline-for-TB-Leprosy-and-DR_TB-6th-ed-Aug-2018.pdf
https://www.impaact4tb.org/wp-content/uploads/2019/08/Ethiopia-National-guideline-for-TB-Leprosy-and-DR_TB-6th-ed-Aug-2018.pdf
https://www.impaact4tb.org/wp-content/uploads/2019/08/Ethiopia-National-guideline-for-TB-Leprosy-and-DR_TB-6th-ed-Aug-2018.pdf
http://dx.doi.org/10.1016/j.bjid.2012.12.010.
http://dx.doi.org/10.1016/j.bjid.2012.12.010.
http://www.academicjournals.org/IJMMS
http://www.academicjournals.org/IJMMS
https://doi.org/10.1186/s12879-016-1451-0

	table-fn1-0300060520984916
	table-fn2-0300060520984916

