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Background: Even though Ethiopia’s Federal Ministry of Health has been implementing several programs aimed at reducing the
burden of tuberculosis (TB), It does not demonstrate adequate progress. As a result, identifying the determinants of unsuccessful
outcomes of directly observed treatment, short-course (DOTS) is critical.

Purpose: This study aimed to assess the determinants of unsuccessful TB treatment outcomes among patients with DOTS in Jimma
town, southwest Ethiopia.

Patients and Methods: An unmatched case-control study using secondary data was conducted among 118 cases and 472 controls
from April 1 to June 1, 2021. Cases were TB cases with unsuccessful treatment courses whereas controls were those of successful
treatment. Data were collected using a standardized tool. Statistical analysis was done using SPSS version 23 software. A binary
logistic regression model was used to identify the determinants.

Results: We found that the determinants including age > 35 years (AOR=1.9, 95% CI: 1.14-3.2), lack of contact person (AOR= 27,
95% CI: 15.8-46.3), being HIV positive (AOR=7.3, 95% CI: 3.7-14.2)), and being malnourished (AOR=4.5, 95% CI: 1.5-12.9) were
significantly associated with unsuccessful tuberculosis treatment outcome.

Conclusion: In this study, advanced age, being HIV positive, lack of contact person, and being malnourished were determinant
factors for unsuccessful TB treatment outcomes. Hence, careful monitoring, screening, and management of risk factors are
recommended.
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Introduction

Tuberculosis (TB) is an infectious disease caused by the bacillus Mycobacterium tuberculosis, which is spread by
inhaling droplet nuclei from infected patients when coughing, speaking, singing, or sneezing.'> According to the World
Health Organization (WHO) report in 2022, an estimated 10.6 million people fell ill with TB globally in 2021 and of
those, 1.6 million people died (1.4 million deaths among HIV-negative people and 187,000 deaths from HIV-positive
people).** Furthermore, the report outlined an increase of 3.6% in the incidence rate of tuberculosis 2021 which was
6.4 million new TB cases.> The burden of drug-resistant tuberculosis increased by 3% in 2021, with 450,000 incident
cases of multidrug-resistant (MDR-TB).** Additionally, the estimated proportion of people with TB who had MDR/RR-
TB was 18% among those previously treated.* Africa is among the regions with a high burden of tuberculosis illness in
2019 (25%).°
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Ethiopia is among the countries with a high burden of TB, HIV, and MDR-TB.” Evidence showed that the prevalence
of TB / HIV co-infection in Ethiopia was 25.59%.° A systematic review and meta-analysis study showed that the
prevalence of MDR-TB was 7.24% with 2.18% of new cases and 21.07% of previously treated cases with 12.5% death
contribution.” The burden of TB was more aggravated by the epidemics of coronavirus (COVID-19).'!" TB is a severe
public health issue in Ethiopia, with a cure rate of 67%, considerably below the WHO guideline of 85%.' A study done
in Gondar showed that the success rate of TB treatment was 29.5%."* “Several studies indicated that TB patients on
treatment continued to record unsuccessful treatment outcomes’s.'> '

Previous research has shown that various variables are linked with failed TB treatment outcomes. Older age,
residence, concomitant conditions, a lack of contact person, a sputum smear-negative treatment category at the start of
therapy, and HIV-positive status were all linked to poor TB treatment outcomes.'*'”'® While family support, socio-
economic, physician and nurse support, availability to access health services, social stigma, psychological stress, and
knowledge were significant factors in the successful treatment of tuberculosis.'®'® 2>

In Ethiopia, a standardized TB prevention and control program incorporating Directly Observed Treatment, Short
Course (DOTS) was started as a pilot in 1992, at the Arsi zone in the Oromia region. Following that, the DOTS method
was scaled up and put into practice on a nationwide basis. Currently, 75% of DOTS health facilities are covered
geographically, compared to 90% for geographic coverage.®®

Recent reports showed that Directly Observed Treatment, Short Course (DOTS) was effective in attaining a highly
successful treatment rate.'” However, according to several research, DOTS has also negative consequences such as
primary drug resistance, acquired drug resistance, and relapse.”’> %> “According to the WHO, tuberculosis treatment
targets have not been achieved in many regions of the world, even when anti-TB treatments are available, and plans
aiming to minimize new cases of TB by 80% by 2030 are in place.”

Even though Ethiopia’s Federal Ministry of Health has been adopting a variety of efforts to lessen the burden of
tuberculosis illnesses, it has not been accomplished satisfactorily. So, it is imperative to identify determinant factors of
unsuccessful treatment outcomes. Moreover. Because treatment success is recognized as a fundamental parameter of TB
control efforts, it is critical to identify and address variables that contribute to poor treatment outcomes to achieve the
worldwide goal of treatment success. Thus, the purpose of this study was to investigate factors of failed treatment

outcomes among DOTS patients in Jimma town health facilities in southwest Ethiopia.

Methods and Materials
Study Design, Period, and Setting

We conducted an unmatched case-control study using the patients’ records in TB clinics providing DOTS in Jimma town,
which is located 357 kilometers southwest of Addis Ababa and has a total area of 4623 hectares, from April 1 to June 1,
2021. The settlement is splitted into three woredas (administrative units that comprise several kebeles) and thirteen
kebeles (the smallest administrative unit in Ethiopia). The town’s total anticipated population is 130,254. The town has 5
hospitals (2 public and 3 private), 4 public health centers, and 16 private clinics, with 6 public health institutions and 4
private clinics providing treatments for tuberculosis treatment.

Eligibility Criteria

“The cases were patients aged >15 years with records of adverse or unsuccessful treatment outcomes including TB
treatment failures (smear-positives after 5 months of treatment), treatment defaults, and death), whereas controls were
those who registered as cured (negative smear microscopy at the end of treatment and on at least one previous follow-up
test) or treatment completed. Registries in which treatment outcomes were missing and patients were transferred to other
districts, retreatments, MDR treatment, and age < 15 were not included in the study.

Sample Size Determination and Sampling Technique
Double population proportion formulae were used to calculate the required sample size, with the assumption of prior
determinants of failed treatment results, a 5% level of significance, and 80% power. In a previous study, we discovered that
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factor sputum smear-negative treatment category at treatment beginning in Ethiopia'® resulted in the required sample size. As
a result, the number of cases and controls was 117 and 468, respectively, and after adjusting for non-response, the final
sample size was 129 cases and 516 controls. Records of TB patients from July 1, 2015, to June 30, 2020, were reviewed.

The total sample size was allotted proportionally to each institution (10) based on the total number of patients who
began TB treatment in the five years before data collection. The allotted cases were picked from each institution using
simple random sampling from a list of cases. To facilitate the comparison of cases and controls, four controls who began
therapy in the same week at the same institution were added for one case. If more than four controls began in the same
week, the one that was most closely recorded with the case was chosen.

Data Collection Tools and Techniques

Data were extracted from the medical records of TB patients using well-structured questionnaires adapted from the TB
registration logbook. The checklist includes patient sociodemographic, clinical, and investigational features, treatment
history, anthropometric measures, and treatment results. The data were collected by ten well-trained nurses who were
overseen by an experienced nurse. To assure data quality, data collection instruments were pre-tested at one hospital and one
health center that was not included in the study. During data collection, each checklist was validated for completeness.

Operational Definitions

A pulmonary tuberculosis patient who was smear-negative or culture-negative in the latest month of therapy and on at
least one preceding occasion is considered cured. Treatment completed refers to a tuberculosis patient who finished
treatment without evidence of failure but has no record demonstrating that sputum smear or culture results in the last
month of treatment and on at least one previous occasion were negative, either because tests were not performed or
because results are unavailable. A TB patient who has a positive sputum smear or culture at month 5 or later during
therapy is considered to be in treatment failure.

TB defaulters are defined as tuberculosis patient who has discontinued anti-tb medication for eight weeks or longer
and does not complete the treatment. Died refers to TB patients who died while getting TB treatment; the reason for
death may or may not be connected to TB. Treatment success is the sum of cured and finished treatments. Adverse
treatment outcomes are total treatment failure, default, and death.

Data Processing and Analysis

Data were entered into the SPSS version 23 statistical program for analysis after being checked for completeness and
consistency. Descriptive statistics were used to investigate the background features. To investigate the association
between the outcome variables and selected determinants, a backward stepwise logistic regression model was utilized.
The variables recorded on the TB registration logbook were included in the logistic regression to evaluate determinants
of adverse TB treatment outcomes. To adjust for all possible confounders, all variables with P 0.25 in the bivariable
analysis were included in the final model of multivariate analysis. The Hosmer-Leme show statistic was used to assess
the model’s goodness of fit. The multi-collinearity test was used to examine the association between independent
variables using the variance infiltration component. The odds ratio with 95% CI was used to determine the direction
and intensity of the statistical connection. As a measure of association, the odds ratio (OR) with a 95% confidence
interval (CI) was computed. P-values of 0.05 or below were deemed statistically significant.

Results

Sociodemographic Characteristics

A total of 590 patient records were reviewed, with the mean age of the cases being 39.8 years with a standard deviation
of 16.57, and the mean age of the controls being 33.45 years with a standard deviation of 14.06. The majority of the cases
and controls were males, with 75 (63.8%) and 287 (60.8%) respectively. The majority of cases 64 (54.2%) and controls
346 (73.3%) were city dwellers (Table 1).
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Table | Socio-Demographic Characteristics of Study Participants in Jimma
Town Health Facilities, Southwest Ethiopia, 2021

Variable Category | Cases (%) Controls (%) Total (%)

Sex Males 75(63.8) 287(60.8) 362(61.3)
Females | 43(36.2) 185(39.2) 228(38.7)
Total 118(100) 472(100) 590(100)

Age in years | <347 53(44.9) 290(61.4) 342(63.1)
>34.7 65(55.1) 182(38.6) 247(36.9)
Total 118(100) 472(100) 590(100)
Mean age | 39.83 (sd 16.57) | 33.45 (sd 14.063)

Residence | Urban 64(54.2) 346(73.3) 410(69.5)
Rural 54(45.8) 126(26.7) 180(30.5)
Total 118(100) 472(100) 590(100)

Clinical Related Characteristics

In the tuberculosis category, 113 (95.8%) and 447 (94.7%) were new TB cases and controls, respectively. In terms of TB
type, 48 (40.7%) of cases and 198 (41.9%) of controls were pulmonary TB positive, while 32 (27.1%) of cases and 133
(28.2%) controls were extrapulmonary TB. More than two-thirds of cases 32 (66.7%) were positive for AFB in
the second-month sputum, whereas the majority of controls 177 (89.4%) were negative. Regarding HIV test status, the
majority of cases 62 (52.5%) were HIV positive, whereas the majority of controls 427 (90.5%) were HIV negative. In
terms of nutritional status (BMI), the majority of patients 93 (78.8%) were malnourished, while the majority of controls
383 (81.1%) had normal nutritional status (Table 2). Regarding antiretroviral treatment (ART) treatment, the majority of

Table 2 Clinical-Related Characteristics of the Study Subjects in Jimma Town Health Facilities, Southwest Ethiopia,

2021
Variable Category Cases No. (%) | Controls No. (%) | Total No. (%) | Control: Case
TB Category New 113(95.8) 447(94.7) 560(94.9) 3.95
Transfer in 5(4.2) 25(5.3) 30(5.1) 5.00
Total 118(100) 472(100) 590(100) 4.00
TB Type PTB+ 48(40.7) 198(41.9) 246(41.7) 4.12
PTB-VE 38(32.2) 141(29.9) 179(30.3) 3.71
ETB 32(27.1) 133(28.2) 165(28) 4.16
Total 1 18(100) 472(1000) 590(100) 4.00
For PTB+ Smear on 2nd month? | Negative 12(25) 177(89.4) 189(76.8) 14.75
Positive 32(66.7) 21(10.6) 53(21.5) 0.66
Unknown 4(8.3) 0 4(1.7) -
Total 48(100) 198(100) 246(100) 4.12
(Continued)
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Table 2 (Continued).

Variable Category Cases No. (%) | Controls No. (%) | Total No. (%) | Control: Case

HIV Negative 56(47.5) 427(90.5) 483(81.8) 7.62
Positive 62(52.5) 45(9.5) 107(18.2) 0.72
Total 118(100) 472(100) 590(100) 4.00

Weight in Kg 250 45(38.1) 375(79.4) 420(71.2) 8.33
<49.9 73(61.9) 97(20.6) 170(28.8) 1.33
Total 118(100) 472(100) 590(100) 4

Nutritional status (BMI) Normal 179(14.4) 383(8l1.1) 400(67.8) 22.52
Malnourished | 93(78.8) 60(12.7) 153(25.9) 0.64
Unknown 8(6.8) 29(6.2) 37(6.3) 3.62
Total 118(100) 472(100) 590(100) 4.00

Did ART start? Yes 32(51.6) 45(100) 77(72) 1.4
No 18(29) 0 18(16.8) -
Unknown 12(19.4) 0 12(11.2) -
Total 62(100) 45(100) 107(100)

Did co-trimoxazole start? Yes 11(17.7) 44(97.8) 55(51.4) 4
No 27(43.5) 1(2.2) 28(26.2) 0.04
Unknown 24(38.7) 0 24(22.4) -
Total 62(100) 45(100) 107(100)

Contact person (address) Yes 23(19.5) 412(87.3) 435(73.7) 17.9
No 95(80.5) 60(12.6) 155(26.3) 0.63
Total 118 472 590

Abbreviations: ART, Antiretroviral therapy; ETB, Extrapulmonary Tuberculosis; PTB, Pulmonary Tuberculosis.

patients 32 (51.6%), and controls 45 (100%) had begun ART. Only 11 (17.7%) of HIV-positive individuals among cases
had started cotrimoxazole prophylaxis, whereas 44 (97.8%) of controls had started cotrimoxazole prophylaxis (Table 2).

Determinants of Unsuccessful Treatment Outcomes
After adjusting for possible confounders, variables including age, HIV-positive status, malnutrition, and absence of contact
person were significantly associated with unsuccessful treatment outcomes in the multivariable logistic regression model.

The study found that individuals older than 34.7 years were twice as likely as those younger than 34.7 years to have
unsuccessful TB treatment outcomes (AOR=1.9; 95% CI:1.14-3.2).

Those who had no contact person at the time of TB treatment commencement were more likely to have unsuccessful
therapy than those who had contact person (AOR= 27; 95% CI: 15.8-46.3).

Those who were HIV positive have 7 times higher unsuccessful TB treatment outcomes than those who were HIV
negative (AOR= 7.3; 95% CI: 3.7-14.2). Those who were malnourished at the time of initiation of TB treatment had
approximately 4.5 times more unsuccessful treatment outcomes than those who were normal nutritional status (AOR= 4.5;
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Table 3 Predictors of Unsuccessful Treatment Outcomes Among Patients on DOTS in Jimma Town Health Facilities, Southwest
Ethiopia, 2021

Variable Category Cases No. (%) | Controls No. (%) | COR, 95% Cl | P-value AOR, 95% CI | P-value

Age in years <347 53 290 | |
>34.7 65 182 2(1.3-2.9) 0.001 1.9(1.14-3.2) 0.0015%
Total 118 472

Have a contact person? | Yes 23(19.5) 412(87.3) | |
No 95(80.5) 60(12.6) 28.4(16.7-48.2) | 0.000 27(15.8-46.3) 0.000*
Total 118(100) 472(100)

HIV Negative 56(47.5) 427(90.5) | |
Positive 62(52.5) 45(9.5) 10.5(6.5-16.9) 0.000 7.3(3.7-14.2) 0.000*
Total 118(100) 472(100)

Residence Urban 63(53.4) 344(72.9) | |
Rural 55(46.6) 128(27.1) 2.346(1.5-3.5) 0.000 1.6(0.9-2.8) 0.77
Total 118(100) 472(100)

Nutritional status (BMI) | Normal 17(14.4) 383(8l1.1)
Malnourished | 93(78.8) 60(12.7) 6.2(2.5-15.6) 0.000 4.5(1.5-12.9) 0.006*
Unknown 8(6.8) 29(6.1) 0.18(0.08-0.42) | 0.000 0.188(0.07-0.5) | 0.001*
Total 118(100) 472(100)

Note: *Significance at o < 0.05.

95% CI: 1.5-12.9), and those whose nutritional status was unknown had 81% less unsuccessful TB treatment outcomes
than those who were normal nutritional status (AOR=0.18; 95% CI: 0.07-0.5) (Table 3).

Discussion
The purpose of this study was to identify the determinants of unsuccessful TB treatment outcomes among patients with
DOTS in Jimma town health facilities, in southwest Ethiopia. According to this study factors such as age, HIV-positive
status, malnutrition, and lack of contact were independent predictors of unsuccessful treatment outcomes. It is crystal
clear that the finding from this study has paramount benefits to the policymakers as it plays a vital and pivotal role in
enhancing the ways the patients in this cohort of treatment are handled. Thus, the finding serves as an alarming call for
those stakeholders and researchers to further explore this essential area. We found that study participants aged greater
than 34.7 years were 2 times more likely to have unsuccessful treatment outcomes than those aged <34.7. This finding
agrees with the results of studies conducted in Tigray, Ethiopia,>* Arba Minch, Ethiopia,”® Eastern Ethiopia,'* South
Africa,?® Malaysia,'” and China.?” The plausible rationale might be that older people frequently have comorbid ailments,
have overall physiological decline with age, and are less able to access health care services.”® The older age group may
have a high death rate due to co-morbidity, and recurrent exposure to therapy may result in poor treatment outcomes.
This study showed that older persons should be prioritized in terms of policy since they are more likely to have
unsatisfactory treatment outcomes. This is partially because the older the patients, their likelihood of coping the TB
infections absolutely less.*°

In this study, individuals who had no contact person at the time of starting TB treatment had a greater failure rate than
those who had contact person. This finding is supported by findings from eastern Ethiopia'* and Somalia.*' The probable
explanation is that having a contact person’s phone number allows participants to ask questions and acquire solutions,
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which can raise the success of treatment results. These studies also show that the lack of contact persons for patients at
the time of commencing TB therapy was a significant cause of missed follow-up. As a result, it is critical to raise
knowledge about the availability of a contact person at the time of commencing TB treatment for all TB patients at
DOTS to improve treatment outcomes. Furthermore, healthcare professionals working in TB units must collect the cell
phone numbers of contact persons regularly to allow effective tracing of patients during lost to follow-up time and the
use of health extension workers for TB control programs.

We found that HIV-positive status is identified as a determinant of unsuccessful TB treatment outcomes. This finding
is in line with studies done in Arba Minch and southern Ethiopia,”**% and Ukraine.’ The failure of therapy in individuals
with tuberculosis and HIV might be attributed to pill load, an increase in unpleasant effects, drug-to-drug interactions,
immunological reconstitution inflammatory syndrome, and a risk factor for drug-resistant tuberculosis due to immune
system suppression. HIV/AIDS counseling and testing should be performed regularly as part of patient monitoring while
receiving DOT medication.

This study also showed those who were malnourished at the time of initiation of TB treatment were more likely to
have unsuccessful treatment outcomes than those of normal nutritional status. This finding is supported by studies
conducted in Addis Ababa,’® Malawi,>® and the Philippines.®* The likely explanation might be related to the malabsorp-
tion of major anti-TB medications, late diagnosis and treatment, and starvation, which means that their immunity was
subsidized and makes it difficult for them to deal with the side effects of the drugs and comorbidities.>> “This study
implies that programs and policies should place a greater emphasis on dealing with malnutrition to reduce the disease
burden”. Furthermore, nutritional assessment, counseling, and management should be performed regularly as part of
patient monitoring while undergoing DOT therapy.

Strengths and Limitations of the Study

The study’s limitations include the use of routine program data; consequently, the Ethiopian health institution TB
logbook may not have a comprehensive enough checklist to determine the entire TB patients’ features, so, additional
factors remain uninvestigated. Moreover, being the cases are very rare, as a solution, we employed cases to control the
ratio into 1:4 which in turn may affect the statistical power of the study. The nature of the study participants, as well as

the larger sample size, contribute to the research’s strength.

Conclusion

This study provides helpful insights into the determinants of failed tuberculosis treatment outcomes and has implications
for enhancing treatment success in tuberculosis control programs. Age, lack of contact person, HIV-positive status, and
malnutrition were all significant indicators of unsatisfactory tuberculosis treatment outcomes.

Data Sharing Statement

The data sets used in this investigation are accessible from the relevant authors upon reasonable request. After the
defense, the thesis was uploaded to websites. Thus, the unpublished thesis paper is available on the Jimma University
repository website (https://repository.ju.edu.et//handle/123456789/7956).
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issued to Jimma town health institutions. Informed, voluntary, written, and signed consent was obtained from Jimma
Health Institution administrators before the data collection. Since the study was based on secondary data, anonymity was
maintained by using the medical registration number. Besides, all data extracted were kept confidential. Parental/legal
guardian consent for participation in this study was obtained for all participants under the age of 18 years. The research
was conducted per the Helsinki Declaration.
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