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Abstract

Tuberculosis (TB) remains a major medical and public health problem throughout the world,
especially in developing countries including Ethiopia. Its control program is currently being
challenged by the spread of drug-resistant TB, which is the result of poor treatment outcomes.
Hence, this study assessed poor adult TB treatment outcomes and associated factors in Gibe
Woreda, Southern Ethiopia. An institution-based cross-sectional study was conducted from
March 1, 2020 to March 30, 2020, using a standard checklist to review clinical charts of TB
patients who enrolled on first-line TB treatment under DOTS between June 2016 and June
2019. Poor treatment outcomes constituted death during treatment, treatment failure, and loss
to follow-up (LTFU). Descriptive statistics were used to describe the characteristics of study
participants. A binary logistic regression model was fitted to identify factors influencing treat-
ment outcome and adjusted odds ratios with a 95% confidence interval were reported. The
statistical significance of all tests in this study was declared at P-value <5%. A total of 400
adult TB patients were participated. The mean age of study participants was 39.2+16.7 years,
55.5% were males and 79.8% were pulmonary tuberculosis cases. Regarding the treatment
outcomes, 58% completed treatment, 27.5% cured, 9.3% were LTFU, 3.2% died, and 2.0%
failed. The overall poor treatment outcome was 14.5% (95% Cl: 11.1-17.9). Age (aOR = 1.02;
95%Cl: 1.01-1.04), male gender (aOR = 1.82; 95% CI: 0.99-3.73), travel > 10 kilometres to
receive TB treatment (aOR = 6.55; 95% ClI: 3.02—14.19), and lack of family support during the
course of treatment (aOR = 3.03; 95% CI: 1.37-6.70), and bedridden baseline functional sta-
tus (aOR = 4.40; 95% CI: 0.96—20.06) were factors associated with poor treatment outcome.
Successful TB treatment outcome in this study area was below the national TB treatment suc-
cess rate. To improve positive treatment outcomes, remote areas should be prioritized for TB
interventions, and stakeholders in TB treatment and care should give special emphasis to
adults over the age of 45 years, males, those who travel more than 10 kilometres to receive
TB care, having bedridden baseline functional status and those who had no family support.
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Background

Tuberculosis (TB) is a communicable disease caused by Mycobacterium tuberculosis that
spreads when people sick with TB expel bacteria into the air [1]. According to 2017 World
Health Organization (WHO) report, TB is a leading single infectious disease placed among the
top 10 causes of death globally [1,2]. Pulmonary TB affects the lungs, and when TB affects
other body sites, it is called extrapulmonary TB [1,2]. Cough, weakness, weight loss, fever,
sweating, and swellings are among the commonly reported clinical manifestations of TB [1,2].

According to the 2020 World Health Organization (WHO) global TB report, about a quar-
ter of the global population is infected with Mycobacterium tuberculosis, an estimated 10.0 mil-
lion people fell ill with TB, and 1.2 million people died in 2019 [3]. Africa, as a continent,
shared an estimated 25% of the global TB cases [3]. Ethiopia, a country in East Africa, ranked
10™ among the 30 high TB-burden countries with an estimated TB incidence of 140 cases per
100,000 population [3]. Furthermore, the burden of multidrug-resistant tuberculosis
(MDR-TB) in Ethiopia has been increasing from 1.6% to 2.3%, and the burden of MDR-TB
among new and previously treated TB was 11.8% vs 17.8%, respectively [4]. Though 85% of TB
can be successfully treated with a 6-months first-line regimen [3], the emergence of anti-
microbial resistance has become a significant challenge to the gains achieved in the fight
against TB [5]. Research evidence showed that previous exposure to or unsuccessful TB treat-
ment was a major risk factor for the development of MDR-TB [6].

Performance of TB control programs is measured by five exclusive TB treatment outcome
categories including cure rate, treatment completion, treatment failure, death during treat-
ment, and LTFU [7,8]. From 2003 to 2016, the successful TB treatment outcomes (cure and
treatment completion) varied between 81.1% and 86.3% in Ethiopia [9]. Subgroup analysis by
regional States in Ethiopia revealed that successful treatment outcomes varied from 83.8%-—
94.2% in Afar, 82.6%— 94.5% in Oromia, 84.4%-87.9% in Gambella, 62.1%-97.9% in Tigray,
and 74.5% -87.4% in Amhara [9]. Similarly, poor treatment outcomes (failure, death, and
LTFU) at the national level varied between 7.5 to 26% in Ethiopia over the years, 2017 and
2020 [10].

Previous research indicated different factors associated with poor TB treatment outcomes.
These included: socioeconomic and demographic variables (age, sex, residence, low income,
limited access to transport, distance from home to the treatment centre, and limited social sup-
port) [9-19]. Clinical factors (type of tuberculosis, TB/HIV comorbidity, previous tuberculosis
treatment, multidrug resistance), healthcare and environmental-related factors (year of regis-
tration, higher annual mean temperature per degree Celsius and health centre as a treatment
access point), and individual factors (not knowing the HIV status, pre-treatment weight, and
poor knowledge about TB) were factors previously identified to have associated with poor
treatment outcomes [9-19].

Despite intensive efforts to control the risk factors for treatment success, TB remains a
major public health issue in low-income countries including Ethiopia [10]. It is important to
investigate context-specific TB treatment outcomes and the possible associated factors which
will then aid to prevent the occurrence of further adverse outcomes. A national study that
mapped poor TB treatment outcome in Ethiopia reported the regional rate for Southern Ethio-
pia, without identifying local values within the region, was 8.3-15.3% with a national average
0f9.0% [12]. The authors believed that it was wise to identify pocket areas with significant
poor TB treatment outcome in the region with poor TB treatment outcome of well above the
national average [12]. Furthermore, a recent meta-analysis and systematic review of poor TB
treatment outcome in Ethiopia identified only three studies that represented the regional esti-
mation implying that more research was needed on the topic to have a good picture of poor
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treatment outcome [9]. Hence, this study assessed the level of poor TB treatment outcomes
and associated factors in Gibe Woreda, Southern Ethiopia.

Methods

Study area and period

The study was conducted in four public health facilities in Gibe Woreda (Amboro Health Cen-
tre, Homacho Primary Hospital, Megacho Health Centre, and Omochora Health Centre) in
Hadiya zone, Southern Ethiopia. Homacho is the capital town of the Woreda located 262 Kilo-
metres far from Addis Ababa the capital city of Ethiopia. The Woreda had a total population
of 141,061. The public health facilities in the Woreda provide services in various outpatient
and inpatient departments including follow-up and treatments for TB patients. Diagnosis and
treatments of TB are based on the national TB treatment guideline of Ethiopia [20]. During
the period from 2016 to 2019, a total of 1211 TB patients received TB care in the four health
facilities mentioned above (Amboro Health Centre, 232; Homocho Primary Hospital, 318;
Megacho Health Centre, 314; and Omochora Health Centre, 314). Three years retrospective
data from June 2016 to June 2019 was collected from 1* March to 30" March 2020.

Study design and population

Health facility-based cross-sectional study was conducted by reviewing clinical charts of TB
patients who enrolled in first-line TB treatment under DOTS between June 2016 and June
2019. All adults (>15 years) who enrolled and received TB care in the four health facilities in
Gibe Woreda with their TB treatment outcomes documented in the registration logbook were
included. Adult patients who transferred out to another facility were excluded.

Sample size determination and sampling procedure

This study used data collected for another project and used the same sample size determined
for the original study (unpublished) focused on loss-to-follow-up from TB treatment. The
sample size considered in the original study was 402. The assumptions considered for the sam-
ple size calculations were 5% significance level, 90% power, 1:1.6 allocation ratio (exposed
group (patients travelled 10 km and above to receive TB treatment) to an unexposed group
(patients travelled less than 10 km to receive TB treatment)), and a reference hazard ratio of
1.4 [21] for the association between distance travelled to the nearest health facility and loss-to-
follow-up from TB treatment. In the original study, simple random sampling technique per
the facilities studied was used to proportionally select TB patients from list of 1211 eligible
adult TB patients in the four facilities who received first line TB-treatment between June 2016
and June 2019.

Data collection procedure and study variables measurement

Data were collected by reviewing patient records using a standard checklist prepared from the
variables available in the registration log book and patient cards. The data extraction tool
included variables on socio-economic and demographic characteristics (age, sex, residence,
marital status, occupational status, educational status, family support, and religion), treat-
ment-related (type of TB, previous TB treatment, DOTS follow-up centre, treatment outcome,
HIV/AIDS status, and nutrition support), and individual and healthcare-related (distance trav-
elled and functional status). Two diploma nurses working in each of the clinics in the selected
facilities collected the data and one of the investigators supervised the overall data collection
process.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000161  March 10, 2022 3/12


https://doi.org/10.1371/journal.pgph.0000161

PLOS GLOBAL PUBLIC HEALTH Poor adult tuberculosis treatment outcome and associated factors in Gibe Woreda

TB diagnosis and treatment were made according to the Ethiopian National Guidelines on
TB, Drug-resistant TB, and Leprosy [22]. A smear-positive pulmonary TB (PTB+) was defined
when a patient has positive acid-fast bacilli (AFB) results for at least one or two initial sputum
specimens by direct microscopy. Diagnosis for smear-negative pulmonary TB (PTB") was
established when direct microscopy indicated two AFB negative results, and no response to a
course of broad-spectrum antibiotics, and radiological abnormalities consistent with pulmo-
nary TB, and decision by a clinician to treat with a full course of anti-TB or patient whose diag-
nosis is based on culture positive for Mycobacterium tuberculosis. When there is strong clinical
evidence that TB has affected body organs other than the lungs, a patient is diagnosed with
extra-pulmonary tuberculosis (EPTB) and a physician decides to treat the patient with a full
course of anti-TB therapy. During the first two months, (intensive phase) patients receive daily
rifampicin, pyrazinamide, isoniazid, and ethambutol followed by daily rifampicin and isonia-
zid for 4 months or more in the continuation phase.

Treatment outcomes included cure (confirmed smear-negative in the last month of treat-
ment and on at least one previous occasion), treatment completed (a patient completed treat-
ment and had no evidence of failure but without records to evidence cure), treatment failure (a
patient whose sputum smear or culture is positive at month 5 or later during treatment), died
(patient who dies during TB treatment), and LTFU (a patient who has been on TB treatment
for at least four weeks and whose treatment was interrupted for eight or more consecutive
weeks). Treatment success was finally defined as a sum of cured and completed treatment and
poor treatment outcome was defined as a sum of failure, death, and loss to follow up [11,12].

Body mass index (BMI) was used to measure nutritional status, and categorized as severely
underweight—BMI < 16.5kg/m?, underweight—BMI under 18.5 kg/m?, normal weight-

BMI > 18.5 to 24.9 kg/m?, overweight - BMI >25 to 29.9 kg/m?, and obesity - BMI >30 kg/
m? [23]. In the present study, a major side effect was defined when there was any adverse reac-
tion that resulted in discontinuation of the anti TB drugs, and/or directly resulted in hospitali-
zation such as peripheral neuropathy, anaemia, hepatitis, hearing impaired, acute kidney
injury [7]. Anti-TB treatment/medication adherence was measured, and dichotomized as
adherent and non-adherent. A TB patient in either the intensive or continuation phase under
anew or retreatment regimen, and who missed > 10% of the total prescribed TB medication
dose was considered as non-adherent [8].The functional status was measured according to the
WHO patient monitoring guidelines, working: “able to perform usual work in or out of the
house, harvest, go to school or, for children, normal activities or playing;” ambulatory: “able to
perform activities of daily living but not able to work or play;” and bedridden: “not able to per-
form activities of daily living [14].”

Data processing and statistical analysis

After checking the completeness of the checklist, data were entered into Epi data version 3.1.
For further management and analysis, data were exported data to STATA software version
14.0. Descriptive analysis was employed to describe characteristics of TB patients using fre-
quencies, proportions, and numerical summary measures. Both bivariable and multivariable
binary logistic regression were applied to determine the factors associated with the poor out-
come of TB treatment. The poor TB treatment outcome was coded”1” and “0” for the success-
ful treatment outcome. Variables with a p-value < 0.25 in the bivariable analysis were entered
into the multivariable analysis. A crude and adjusted odds ratio (OR) with a corresponding
95% confidence interval (CI) were computed and reported. Multicollinearity was checked
using the variance inflation factor (VIF); in this study, the mean and maximum VIF of vari-
ables included the model were 2.2 and 5.2, respectively. Model fitness was assessed by Hosmer
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and Lemeshow’s goodness of fit test and it was a good fit (p-value = 0.2). Statistical significance
was declared at p-value < 0.05.

Ethical approval and consent to participate

The study was approved by the Institutional Health Research Ethics Review Committee
(IHRERC) of the College of Health and Medical Sciences, Haramaya University. As the study
was based on record reviews, the IHRERC approved consent from the respective health facility
heads to access patient data. Besides the ethical approval letters, the College of Health and
Medical Sciences wrote support letter requesting cooperation of the respective health facilities.
To maintain confidentiality, all patient data were collected anonymously without personal
identifiers. The study was also conducted following the declaration of Helsinki.

Results

Socio-demographic characteristics

A total of 400 TB patients were included in the analysis. Males accounted for 55.5% of the sam-
ple and the mean age was 39.2 years (+ 16.7 SD) with the minimum and maximum ages of sub-
jects in the study being 15 and 79, respectively. TB patients from the rural areas accounted for
83% of the study subjects and 34% had no formal education (Table 1).

Clinical, treatment-related, and behavioural characteristics

New TB cases accounted for 96% of all cases with 79.8% being pulmonary TB cases. Regarding
co-infection with HIV/AIDS, 3.5% were co-infected with HIV/AIDS. During the TB treatment
period, 87.3% reported that they received family and 20% received nutritional support. On TB
treatment initiation, 61.7% had a working functional status and 67.5% had normal nutritional
status (Table 2).

Prevalence of poor TB treatment outcome

Of the total TB patients, 14.5% (95% CI: 11.1-17.9) had poor treatment outcomes. Among
patients experienced poor treatment outcome, 9.3% were LTFU, 3.2% died, and 2.0% failed.
Successful treatment outcomes constituted 85.5% where 27.5% were cured and 58.0% com-
pleted treatment. Treatment outcomes by complete year of assessment were 11.2% (16/143) in
2017, 16.9% (30/177) in 2018 and 16.4% (12/73) in 2019. Among adult patients, 11.5% of those
who travelled > 10 kilometres to receive TB treatment had poor treatment outcome, whereas
only 3% those travelled less than 10 kilometres experienced poor TB treatment outcomes.
Among adult TB patients who had no family support, 5.8% experienced poor TB treatment
outcomes.

Factors associated with poor TB treatment outcome

Variables with p-values < 0.25 in the bivariable binary logistic regression analysis entered the
multivariable model. The variables entered in the multivariable binary logistic regression
included age, sex, occupation status, residence, distance travelled to reach the health facility,
baseline functional status, family support, sputum smear result, and cigarette smoking.
Among these variables, age, distance travelled, family support was significantly associated to
poor TB treatment outcome, and also sex and baseline functional status was marginally associ-
ated (Table 3).

A 2% increase in poor treatment outcomes was observed for a corresponding one year
increase in age (age, aOR = 1.02; 95%CI: 1.01-1.04). Similarly, a stronger association with
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Table 1. Socio-demographic characteristics among adult patients registered at Gibe Woreda public health facilities, Hadiya zone, Southern Ethiopia from 1* Janu-

ary 2017 to 31° December 2019.

Characteristics TB treatment outcome Total,
Poor, n (%) Good, n (%) n (%).
Age (in years) 15-24 years 6(1.3) 96 (24) 102 (25.3)
25-34 years 8(2) 72 (18) 81 (20)
35-44 years 6(1.5) 68 (17.0) 74 (18.5)
45-54 years 16(4) 39(9.8) 55(13.8)
55-64 years 12 (3) 35(8.75) 47(11.8)
65-77 years 10 (2.5) 32 (8) 42 (10.5)
Sex Male 40 (10) 182 (45.5) 222 (55.5)
Female 18 (4.5) 160 (40) 178 (44.5)
Residence Urban 19 (4.8) 49 (12.2) 68 (17)
Rural 39 (9.8) 293 (73.2) 332 (83)
Educational status No formal education 19 (4.8) 117 (29.2) 136 (34)
Primary level 16(4) 94 (23.5) 110 (27.5)
Secondary level 16 (4) 87 (21.8) 103 (25.8)
College and above 7 (1.8) 44 (11) 51 (12.8)
Occupation status Civil servant 2(0.5) 33(8.3) 35 (8.8)
Private 39(9.8) 179 (44.8) 218(54.5)
Unemployed® 17 (4.3) 130 (32.5) 147 (36.8)
Religion Protestants 37 (9.3) 248 (62) 285 (71.3)
Orthodox 19 (4.8) 87 (21.7) 106 (26.5)
Muslims 2(0.5) 7 (1.8) 9(2.3)
Marital status Never married 19 (4.8) 125 (31.2) 144 (36)
Married 38(9.5) 210 (52.5) 248 (62)
Currently not married 1(0.3) 7 (1.9) 8(2.2)
Weight (in kg) < 35kg 6 (1.5) 29 (7.3) 35(8.8
>35kg 52 (13) 313 (78.2) 365 (91.2)
Disclosure of TB status Disclosed 37 (9.3%) 298(74.5%) 335 (83.8)
Not disclosed 21 (5.3%) 44 (11%) 65 (16.2)
Distance to health facility Less than 10 km 12 (3) 239 (59.8) 251 (62.8)
10 km and above 46 (11.5) 103 (25.8) 149 (37.3)

¢ = Housewives, and students, Kg: Kilograms, TB: Tuberculosis.

https://doi.org/10.1371/journal.pgph.0000161.t001

poor TB treatment outcome was observed among adults who travelled over 10 kilometres to
reach the nearest health facility to receive TB care (travel > 10 kilometres to receive care,
aOR = 6.55; 95% CI: 3.02-14.19). Another strong association was observed among patients
who lacked family support (Lack of family support, aOR = 3.03; 95% CI: 1.37-6.70) (Table 3).

Discussion

This study found an overall level poor TB treatment outcome of 14.5% (95% CI: 11.1-17.9) in
Gibe Woreda, South Ethiopia. The factors identified to have significantly associated with poor
TB treatment outcomes included age, sex, distance from the nearest health facility, lack of fam-
ily support, and baseline functional status.

The level of poor TB treatment outcomes observed in this study was 14.5%. This was com-
parable to findings from similar studies in southern Ethiopia, 14.8% in Dilla Town [14], and
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Table 2. Clinical and behavioural characteristics among adult patients registered at Gibe Woreda public health facilities, Hadiya zone, Southern Ethiopia from 1*
January 2017 to 31 December 2019.

Characteristics TB treatment Total, n (%).
Poor, n (%). Good, n (%).
Type of TB Pulmonary 52 (13) 267 (66.8) 319 (79.8)
Extra pulmonary 6 (1.5) 75 (18.7) 81(20.2)
Smear result Positive 25 (6.3) 108 (27) 133 (33.3)
Negative 33(8.2) 234 (58.5) 267 (66.7)
Patient category New 49 (13.8) 335 (82.2) 384 (96)
Relapse 3(0.7) 13 (3.3) 16 (4)
HIV status Positive 3(0.8) 11 (2.7) 14 (3.5)
Negative 55 (13.8) 331 (82.7) 370 (92.5)
Baseline Working 40 (10) 207 (51.8) 247 (61.7)
functional status® Ambulatory 14 (3.5) 130 (32.5) 144 (36)
Recent functional status Bedridden 4(1) 5(1.3) 9(2.3)
Working 32(8) 198 (49.5) 230 (57.5)
Ambulatory 26 (6.5) 144 (36) 170 (42.5)
Baseline nutritional status® Severely underweight 6 (1.5) 31(7.8) 37 (9.3)
Underweight 16 (4) 77 (19.2) 93 (23.2)
Normal 36 (9) 234 (58.5) 270 (67.5)
Recent nutritional status Severely underweight 3(0.8) 1(0.2) 4(1.0)
Underweight 12 (3) 77 (19.3) 89 (22.3)
Normal 43 (10.8) 264 (66) 307 (76.7)
TB patient contact history* Yes 7 (1.8) 32 (8) 39(9.8)
No 51 (12.7) 310 (77.5) 361 (90.2)
Smoking cigarette (current) Yes 8(2) 24 (6) 32(8)
No 50 (12.5) 318 (79.5) 368 (92)
Drinking alcohol (current) Yes 6 (1.5) 28 (7) 34 (8.5)
No 52 (13) 314 (78.5) 366(91.5)
TB medication adherence Adhered 55 (13.8) 333 (83.3) 388 (97)
Not adhered 3(0.7) 9(2.3) 12 (3)
Major adverse side effect Yes 2 (0.5) 6(1.5) 8(2)
No 56 (14) 336 (84) 392 (98)
Family support Yes 35 (8.8) 314 (78.5) 349 (87.3)
No 23 (5.7) 28 (7) 51 (12.7)
Nutritional support Yes 22 (5.5) 58 (14.5) 80 (20)
No 36 (9) 284 (71) 320 (80)

HIV: Human Immune deficiency virus, TB: Tuberculosis

* working: “able to perform usual work in or out of the house, harvest, go to school or, for children, normal activities or playing”, ambulatory: “able to perform activities
of daily living but not able to work or play” and bedridden: “not able to perform activities of daily living”

b severely underweight (BMI < 16.5kg/m?), underweight (BMI < 18.5 kg/m?), and normal weight (BMI > 18.5 to 24.9 kg/m?)

© a person who shared the same enclosed living space for one or more nights or for frequent or extended periods during the day with the index case during the 3 months
before the diagnosis of TB

4 patients who got social support from families in remembering to take their medication, food, and financial assistance.

https://doi.org/10.1371/journal.pgph.0000161.t002

17.5% in Wolayta Sodo [15]. A systematic review and meta-analysis on TB treatment outcomes
in Ethiopia that included studies published between 2003 and 2016 reported a 16.3% poor TB

treatment outcome at a national level [9]. But, the current finding was higher than others have
reported previously in Ethiopia which ranged from 5.2-10.1% [11,13,18,19,24]. The finding in
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Table 3. Factors associated with poor treatment outcomes of tuberculosis among adult patients registered at Gibe
Woreda public health facilities, Hadiya zone, Southern Ethiopia from 1% January 2017 to 31° December 2019.

cOR (95% CI) aOR (95%CI)
Age (in years) 1.04 (1.02-1.05) 1.02 (1.01-1.04)*
Sex Male 2.0 (1.1-3.54) 1.82 (0.99-3.73)
Female Ref. Ref.
Occupation Civil servant 0.46 (0.10-2.11) 0.49 (0.09-2.59)
Status Private 1.67 (0.90-3.08) 1.16 (0.55-2.56)
Unemployed Ref. Ref.
Residence Urban 2.9 (1.6-5.4) 1.63 (0.78-3.50)
Rural Ref. Ref.
Distance to health Less than 10 km Ref. Ref.
facility 10 km and above 8.9 (4.5-17.5) 6.55 (3.02-14.19)*
Disclosure Disclosed Ref. Ref.
of TB status Not disclosed 3.8(2.1-7.2) 0.5 (0.2-1.5)
Family support Yes Ref. Ref.
No 7.4 (3.8-14.2) 3.03 (1.37-6.70)*
Smear result Positive 1.6 (0.9-2.9) 1.47 (0.74-2.91)
Negative Ref. Ref.
Current cigarette Smoking Yes 2.1(0.9-5.0) 1.81 (0.62-5.26)
No Ref. Ref.
Baseline functional Working Ref. Ref.
status Ambulatory 0.6 (0.3-1.1) 0.92(0.42-2.03)
Bedridden 4.1(1.1-16.1) 4.40 (0.96-20.06)

*p-value < 0.05, aOR: Adjusted odds ratio cOR: Crude odds ratio CI: Confidence interval, Ref.: Reference category,
TB: Tuberculosis.

https://doi.org/10.1371/journal.pgph.0000161.t003

this study on treatment success rate, when compared to on the national rate as reported in a
systematic review and meta-analysis [9], was comparable to the national average of 83.7%. The
possible explanations for the observed differences could be due to the length of study period
and higher sample size, differences in DOTS performance, more subjects from urban setting,
and younger average age [11,13,18,19,24]. Studies showed that MDR-TB has been increasing
in Ethiopia, especially in previously treated TB [4], and it became a significant challenge to the
gains achieved in the fight against TB [5]. A poor/unsuccessful/ TB treatment outcome was a
major risk factor for the development of MDR-TB [6]. Hence, fighting against poor/unsuccess-
ful/ TB treatment outcome can contribute to the prevention of emerging MDR-TB.

As reported in a national level pooled analysis, there was unstable trend in treatment out-
comes reported from different settings in Ethiopia [9]. Likewise, in this study, we observed
small variations in the rate of poor treatment outcome over the years considered, excluding
non-complete years: 11.2% in 2017, 16.9% in 2018 and 16.4 in 2019. Similar findings were
reported in a study done conducted in Ethiopia that reported a lower unfavourable TB treat-
ment outcome during the initial years considered in the study, but started to increase thereaf-
ter, and fall again [11]. This might be due to non-consistent attention from the side of
program implementation where heightened attention would be there at initial periods and
then fall until a new initiative comes in and improvement in patients’ awareness to TB care.

We found that patient age was significantly associated with poor TB treatment outcomes.
As age increases by one unit (a year), poor TB treatment outcomes increase by 2%. This find-
ing was supported by the several reports from different settings [13,24]. As opposed to the
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finding in our study, there were also studies that reported age had either no effect of younger
age was a risk for poor treatment outcome [10,18]. The possible explanation for an increase in
poor treatment outcome associated with an increase in age could be due to that increase may
be associated with increases in the chance of having concomitant diseases, poor adherence,
and general psychological deterioration, and become unable to reach health facility as different
studies suggested [25,26].

In the present study, sex was marginally associated with poor TB treatment outcomes
where males were two times more likely to had poor TB treatment outcomes than females.
This finding was in agreement with previous similar studies conducted elsewhere [1,11,15,27].
This might be due to a relatively higher exposure of males to cigarette smoking, traveling a
long distance for economic reasons and alcohol consumption as compared to females. How-
ever, this finding was contrary to the report of a study done in the Northeast Ethiopia Dessie
and Woldia town [10,18,28].

The distance from a health facility/treatment centre showed a statistically significant associ-
ation with the poor TB treatment outcome. TB patients who travelled more than 10 kilometres
to reach the nearest health facility were 6.55 times more likely to develop a poor TB treatment
outcome compared to those who travelled less. This finding was consistent with the study
done in Adama City, Ethiopia which reported that TB patients near the treatment centre had a
good TB treatment success rate as compared to their counterparts [16]. Besides, a systematic
review and meta-analysis on non-adherence to anti-TB drugs in Ethiopia revealed that feeling
long distance to health institutions was found to be an important determinant to non-adher-
ence, implying consequence to failure to tuberculosis treatment [8].

Lack of family support during TB treatment was another factor associated with the poor TB
treatment outcome. Patients who did not get family support were 3.03 times more likely to
have poor TB treatment outcomes when compared to those patients who got family support in
the TB treatment process. This might be because of lack of help in the transport cost, collection
of medication, reminding the appointment and supervision in taking medication and provid-
ing emotional and psychological support. Previous similar studies in Ethiopia reported that
patients on anti-TB treatment who had no people to remind them take their medications were
more likely to forget to take medication, and time schedule to visit TB clinic, and more likely
to be non-adherent [29,30].

Baseline functional status was also marginally associated with poor TB treatment outcome.
Those adult TB patients who were bedridden at baseline were 4.40 times a higher risk of poor
TB treatment outcome compared to patients who had working baseline functional status. This
finding was in agreement with studies conducted in Ethiopia: Gondar [31], Bahir Dar [32],
and Southwest Ethiopia [33,34]. In our study, among patients who were bedridden at baseline,
about 55% were above the age of 45 years old. Evidences support that as the age increases, the
chance of having chronic disease, inability to reach health facility, and psychological deteriora-
tion become common which synergistically may contribute to a poor TB treatment outcome
[25,26].

As a limitation, we collected data from secondary sources primarily collected for reporting
purposes which limited our analysis to variables only available in patient records. Further-
more, we did consider the health-facility level cluster effect as patients receiving treatment
from a similar centre could have commonalities in service delivery or TB care.

Conclusions

The current study showed that successful TB treatment outcome was below the national suc-
cess rate. Hence, remote areas such as Gibe Woreda should be prioritized for TB interventions.
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And also special emphasis and strict follow-up are required for the tuberculosis patients with
older age, male sex, visiting the TB treatment centres from long distances,> 10 kilometres and
above, bedridden baseline functional status, and did not receive family support during the TB
treatment process to reduce poor TB treatment outcomes.

Supporting information

S1 Data. A data set for the poor TB treatment outcome and associated factors in Gibe
Woreda, Southern Ethiopia.
(RAR)

Acknowledgments

The authors acknowledge Gibe Woreda Public Health Facilities for providing the access to the
data. We also would like to acknowledge data collectors and supervisors for accomplishing
their tasks.

Author Contributions
Conceptualization: Melkamu Merid Mengesha, Desta Watumo.
Data curation: Melkamu Merid Mengesha, Desta Watumo.

Formal analysis: Melkamu Merid Mengesha, Mathewos Alemu Gebremichael, Desta
Watumo.

Funding acquisition: Desta Watumo.
Investigation: Melkamu Merid Mengesha.

Methodology: Melkamu Merid Mengesha, Mathewos Alemu Gebremichael, Desta Watumo,
Degu Jerene.

Software: Melkamu Merid Mengesha, Mathewos Alemu Gebremichael, Desta Watumo.
Supervision: Melkamu Merid Mengesha.

Visualization: Melkamu Merid Mengesha, Mathewos Alemu Gebremichael.

Writing - original draft: Melkamu Merid Mengesha, Mathewos Alemu Gebremichael.

Writing - review & editing: Melkamu Merid Mengesha, Mathewos Alemu Gebremichael,
Inger Kristensson Hallstrom, Degu Jerene.

References

1. Melese A, Zeleke B, Ewnete B. Factors associated with poor treatment outcome of tuberculosis in
Debre Tabor, northwest Ethiopia. Tuberculosis research and treatment. 2016;2016.

2. Berihun YA, Nguse TM, Gebretekle GB. Prevalence of tuberculosis and treatment outcomes of patients
with tuberculosis among inmates in Debrebirhan prison, North Shoa Ethiopia. Ethiop J Health Sci.
2018; 28(3):347-354. https://doi.org/10.4314/ejhs.v28i3.13 PMID: 29983535

3. WHO. GLOBAL TUBERCULOSIS REPORT 2020 [cited 2021 July 14]. Available from: https://www.
who.int/publications-detail-redirect/9789240013131.

4. FMOH. Federal Democratic Republic of Ethiopia Ministry of Health. Guidelines for clinical and program-
matic management of TB, leprosy and TB/HIV in Ethiopia. Addis Ababa, 2012.[July 20]. Available from:
https://www.who.int/hiv/pub/guidelines/ethiopia_tb.pdf.

5. Watumo D GT, Gebremichael MA, Jerene D, Merid M,. Distance Travelled to Access the Nearest
Health Facility is an Important Predictor of Loss to Follow-up among Adult Tuberculosis Patients in
Southern Ethiopia: A retrospective cohort study. 2021.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000161  March 10, 2022 10/12


http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0000161.s001
https://doi.org/10.4314/ejhs.v28i3.13
http://www.ncbi.nlm.nih.gov/pubmed/29983535
https://www.who.int/publications-detail-redirect/9789240013131
https://www.who.int/publications-detail-redirect/9789240013131
https://www.who.int/hiv/pub/guidelines/ethiopia_tb.pdf
https://doi.org/10.1371/journal.pgph.0000161

PLOS GLOBAL PUBLIC HEALTH

Poor adult tuberculosis treatment outcome and associated factors in Gibe Woreda

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Asgedom SW, Teweldemedhin M, Gebreyesus H. Prevalence of multidrug-resistant tuberculosis and
associated factors in Ethiopia: a systematic review. Journal of pathogens. 2018;2018. https://doi.org/
10.1155/2018/7104921 PMID: 29850257

Yee D, Valiquette C, Pelletier M, Parisien |, Rocher |, Menzies D. Incidence of serious side effects from
first-line antituberculosis drugs among patients treated for active tuberculosis. American journal of
respiratory and critical care medicine. 2003 Jun 1; 167(11):1472-7. https://doi.org/10.1164/rccm.
200206-6260C PMID: 12569078

Zegeye A, Dessie G, Wagnew F, Gebrie A, Islam SMS, Tesfaye B, et al. Prevalence and determinants
of anti-tuberculosis treatment non-adherence in Ethiopia: A systematic review and meta-analysis. PloS
one. 2019; 14(1):e0210422. https://doi.org/10.1371/journal.pone.0210422 PMID: 30629684

Eshetie S, Gizachew M, Alebel A, van Soolingen D. Tuberculosis treatment outcomes in Ethiopia from
2003 to 2016, and impact of HIV co-infection and prior drug exposure: A systematic review and meta-
analysis. PLoS One. 2018; 13(3):e0194675. https://doi.org/10.1371/journal.pone.0194675 PMID:
29554144

Getie A, Alemnew B. Tuberculosis treatment outcomes and associated factors among patients treated
at Woldia General Hospital in Northeast Ethiopia: an Institution-Based Cross-Sectional Study. Infection
and Drug Resistance. 2020; 13:3423. https://doi.org/10.2147/IDR.S275568 PMID: 33116661

Muluye AB, Kebamo S, Teklie T, Alemkere G. Poor treatment outcomes and its determinants among
tuberculosis patients in selected health facilities in East Wollega, Western Ethiopia. PloS one. 2018; 13
(10):e0206227. https://doi.org/10.1371/journal.pone.0206227 PMID: 30365530

Alene KA, Viney K, Gray DJ, McBryde ES, Wagnew M, Clements AC. Mapping tuberculosis treatment
outcomes in Ethiopia. BMC infectious diseases. 2019; 19(1):1-11. https://doi.org/10.1186/s12879-018-
3567-x PMID: 30606108

Tola A, Minshore KM, Ayele Y, Mekuria AN. Tuberculosis treatment outcomes and associated factors
among TB patients attending public hospitals in Harar town, Eastern Ethiopia: a five-year retrospective
study. Tuberculosis research and treatment. 2019;2019. https://doi.org/10.1155/2019/1503219 PMID:
31057963

Tola A, Mishore KM, Ayele Y, Mekuria AN, Legese N. Treatment outcome of tuberculosis and associ-
ated factors among TB-HIV Co-infected patients at public hospitals of Harar town, eastern Ethiopia. A
five-year retrospective study. BMC Public Health. 2019; 19(1):1-12. https://doi.org/10.1186/s12889-
018-6343-3 PMID: 30606151

Teferi MY, Didana LD, Hailu T, Woldesenbet SG, Bekele S, Mihret A. Tuberculosis treatment outcome
and associated factors among tuberculosis patients at Wolayta Sodo Teaching and Referral Hospital,
Southern Ethiopia: a retrospective study. Journal of Public Health Research. 2021. https://doi.org/10.
4081/jphr.2021.2046 PMID: 33882659

Tesema T SD, Ejeta E, Tsegaye R. Determinants of tuberculosis treatment outcome under directly
observed treatment short courses in Adama City, Ethiopia. PLoS ONE 2020; 15(4):e0232468. https://
doi.org/10.1371/journal.pone.0232468 PMID: 32348358

Tizazu Zenebe ET. Tuberculosis treatment outcome and associated factors among smear-positive pul-
monary tuberculosis patients in Afar, Eastern Ethiopia: a retrospective study. The Brazilian Journal of
INFECTIOUS DISEASES. 2016; 20:635-36. https://doi.org/10.1016/.bjid.2016.07.012 PMID:
27553661

Endris M, Moges F, Belyhun Y, Woldehana E, Esmael A, Unakal C. Treatment outcome of tuberculosis
patients at Enfraz Health Center, Northwest Ethiopia: a five-year retrospective study. Tuberculosis
research and treatment. 2014;2014.

Mekonnen D, Derbie A, Mekonnen H, Zenebe Y. Profile and treatment outcomes of patients with tuber-
culosis in Northeastern Ethiopia: a cross sectional study. African Health Sciences. 2016; 16(3):663—70.
https://doi.org/10.4314/ahs.v16i3.4 PMID: 27917197

Adane K, Spigt M, Dinant G-J. Tuberculosis treatment outcome and predictors in northern Ethiopian pri-
sons: a five-year retrospective analysis. BMC Pulm Med. 2018; 18(1):37. https://doi.org/10.1186/
$12890-018-0600-1 PMID: 29463234

Shaweno T, Getnet M, Fikru C. Does time to loss to follow-up differ among adult tuberculosis patients
initiated on tuberculosis treatment and care between general hospital and health centers? A retrospec-
tive cohort study. Tropical medicine and health. 2020; 48(1):1—11. https://doi.org/10.1186/s41182-020-
00198-8 PMID: 32099523

FMOH. Guidelines for Clinical and Programmatic Management of TB, TB/HIV, DR-TB and Leprosy.
Addis Ababa, EthiopiaMarch 2021. 7th edition.

Weir CB, Jan A. BMI Classification Percentile And Cut Off Points. 2021 Jun 29. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2021 Jan—. [cited 2021 October 28]. Available from:
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000161  March 10, 2022 11/12


https://doi.org/10.1155/2018/7104921
https://doi.org/10.1155/2018/7104921
http://www.ncbi.nlm.nih.gov/pubmed/29850257
https://doi.org/10.1164/rccm.200206-626OC
https://doi.org/10.1164/rccm.200206-626OC
http://www.ncbi.nlm.nih.gov/pubmed/12569078
https://doi.org/10.1371/journal.pone.0210422
http://www.ncbi.nlm.nih.gov/pubmed/30629684
https://doi.org/10.1371/journal.pone.0194675
http://www.ncbi.nlm.nih.gov/pubmed/29554144
https://doi.org/10.2147/IDR.S275568
http://www.ncbi.nlm.nih.gov/pubmed/33116661
https://doi.org/10.1371/journal.pone.0206227
http://www.ncbi.nlm.nih.gov/pubmed/30365530
https://doi.org/10.1186/s12879-018-3567-x
https://doi.org/10.1186/s12879-018-3567-x
http://www.ncbi.nlm.nih.gov/pubmed/30606108
https://doi.org/10.1155/2019/1503219
http://www.ncbi.nlm.nih.gov/pubmed/31057963
https://doi.org/10.1186/s12889-018-6343-3
https://doi.org/10.1186/s12889-018-6343-3
http://www.ncbi.nlm.nih.gov/pubmed/30606151
https://doi.org/10.4081/jphr.2021.2046
https://doi.org/10.4081/jphr.2021.2046
http://www.ncbi.nlm.nih.gov/pubmed/33882659
https://doi.org/10.1371/journal.pone.0232468
https://doi.org/10.1371/journal.pone.0232468
http://www.ncbi.nlm.nih.gov/pubmed/32348358
https://doi.org/10.1016/j.bjid.2016.07.012
http://www.ncbi.nlm.nih.gov/pubmed/27553661
https://doi.org/10.4314/ahs.v16i3.4
http://www.ncbi.nlm.nih.gov/pubmed/27917197
https://doi.org/10.1186/s12890-018-0600-1
https://doi.org/10.1186/s12890-018-0600-1
http://www.ncbi.nlm.nih.gov/pubmed/29463234
https://doi.org/10.1186/s41182-020-00198-8
https://doi.org/10.1186/s41182-020-00198-8
http://www.ncbi.nlm.nih.gov/pubmed/32099523
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjKzb-2me3zAhVBVhoKHVB_DOkQFnoECAYQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F31082114%2F&usg=AOvVaw2bxxnlMPeFdKEbTeHAuOAp
https://doi.org/10.1371/journal.pgph.0000161

PLOS GLOBAL PUBLIC HEALTH

Poor adult tuberculosis treatment outcome and associated factors in Gibe Woreda

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2ahUKEwjKzb-2me3zAhVBVhoKHVB_DOkQFnNoECAYQAQ&url=https%3A%2F%2Fpubmed.ncbi.
nlm.nih.gov%2F31082114%2F&usg=AOvVaw2bxxnIMPeFdKEbTeHAuOAp.

Taye G, Defar A, Taddele T, Bekele A, Getachew T, Teklie H, et al. Treatment outcome and associated
factors among TB patients in Ethiopia: hospital-based retrospective study. Am J Epidemiol Infect Dis.
2018; 6(1):14-9.

Mufioz-Sellart M, Cuevas LE, Tumato M, Merid Y, Yassin MA: Factors associated with poor tuberculo-
sis treatment outcome in the Southern Region of Ethiopia. INT J TUBERC LUNG DIS. 2010, 14 (8):
973-979. http://docstore.ingenta.com/cgi-bin/ds_deliver/1/u/d/ISIS/68394092.1/iuatld/ijtld/2010/
00000014/00000008/art00010/0A6CFC6683126EB713349018795BE67560E71A5D76.pdf?link =
http://www.ingentaconnect.com/error/delivery&format=pdf. PMID: 20626941

Biruk M, Yimam B, Abrha H, Biruk S, Amdie FZ. Treatment outcomes of tuberculosis and associated
factors in an Ethiopian University Hospital. Advances in Public Health. 2016;2016.

Veiga AC, Areias C, Briz T, Nunes C. Treatment outcomes in pulmonary tuberculosis and associated
factors worldwide: a systematic review and meta-analysis. Eur Congr Epidemiol. 2013; 201:4.

Getnet F, Demissie M, Worku A, Gobena T, Tschopp R, Farah AM, et al. Challenges in delivery of tuber-
culosis Services in Ethiopian Pastoralist Settings: clues for reforming service models and organizational
structures. BMC health services research. 2021; 21(1):1-14. https://doi.org/10.1186/s12913-020-
05996-8 PMID: 33388053

Eticha T, Kassa E. Non-adherence to anti-TB drugs and its predictors among TB/HIV co-infected
patients in Mekelle, Ethiopia. J Bioanal Biomed. 2014; 6(6):61—4.

Mekonnen HS, Azagew AW. Non-adherence to anti-tuberculosis treatment, reasons and associated
factors among TB patients attending at Gondar town health centers, Northwest Ethiopia. BMC research
notes. 2018; 11(1):1-8. https://doi.org/10.1186/s13104-017-3088-5 PMID: 29291749

Sinshaw Y, Alemu S, Fekadu A, Gizachew M. Successful TB treatment outcome and its associated fac-
tors among TB/HIV co-infected patients attending Gondar University Referral Hospital, Northwest Ethi-
opia: an institution based cross-sectional study. BMC infectious diseases. 2017; 17(1):1-9. https://doi.
org/10.1186/s12879-016-2122-x PMID: 28049444

Sileshi B, Deyessa N, Girma B, Melese M, Suarez P. Predictors of mortality among TB-HIV Co-infected
patients being treated for tuberculosis in Northwest Ethiopia: a retrospective cohort study. BMC Infect
Dis. 2013; 13:297. Epub 2013/07/03. https://doi.org/10.1186/1471-2334-13-297 PMID: 23815342

Gesesew H, Tsehaineh B, Massa D, Tesfay A, Kahsay H, Mwanri L. The role of social determinants on
tuberculosis/HIV co-infection mortality in southwest Ethiopia: a retrospective cohort study. BMC Res
Notes. 2016; 12(9):89. https://doi.org/10.1186/s13104-016-1905-x PMID: 26868489

Abrha H, Tsehayneh B, Massa D, Tesfay A, Kahsay H. Survival experience and its predictors among
TB/HIV Co-infected patients in Southwest Ethiopia. Epidemiol (Sunnyvale). 2015; 5:191. https://doi.org/
10.4172/2161-1165.1000191Return to ref 44 in article.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000161  March 10, 2022 12/12


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjKzb-2me3zAhVBVhoKHVB_DOkQFnoECAYQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F31082114%2F&usg=AOvVaw2bxxnlMPeFdKEbTeHAuOAp
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjKzb-2me3zAhVBVhoKHVB_DOkQFnoECAYQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F31082114%2F&usg=AOvVaw2bxxnlMPeFdKEbTeHAuOAp
http://docstore.ingenta.com/cgi-bin/ds_deliver/1/u/d/ISIS/68394092.1/iuatld/ijtld/2010/00000014/00000008/art00010/0A6CFC6683126EB713349018795BE67560E71A5D76.pdf?link
http://docstore.ingenta.com/cgi-bin/ds_deliver/1/u/d/ISIS/68394092.1/iuatld/ijtld/2010/00000014/00000008/art00010/0A6CFC6683126EB713349018795BE67560E71A5D76.pdf?link
http://www.ingentaconnect.com/error/delivery&format=pdf
http://www.ncbi.nlm.nih.gov/pubmed/20626941
https://doi.org/10.1186/s12913-020-05996-8
https://doi.org/10.1186/s12913-020-05996-8
http://www.ncbi.nlm.nih.gov/pubmed/33388053
https://doi.org/10.1186/s13104-017-3088-5
http://www.ncbi.nlm.nih.gov/pubmed/29291749
https://doi.org/10.1186/s12879-016-2122-x
https://doi.org/10.1186/s12879-016-2122-x
http://www.ncbi.nlm.nih.gov/pubmed/28049444
https://doi.org/10.1186/1471-2334-13-297
http://www.ncbi.nlm.nih.gov/pubmed/23815342
https://doi.org/10.1186/s13104-016-1905-x
http://www.ncbi.nlm.nih.gov/pubmed/26868489
https://doi.org/10.4172/2161-1165.1000191
https://doi.org/10.4172/2161-1165.1000191
https://doi.org/10.1371/journal.pgph.0000161

