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Background: Multidrug-resistant tuberculosis (MDR-TB) remains a public health crisis and a health security threat worldwide. Poor
public health infrastructure, inefficient infection control and mismanagement of TB treatment are among the reasons for the continuous
emergence and spread of drug-resistant TB (DR-TB). The final treatment outcome is the most direct measurement of TB control
programs. Therefore, this study sought to determine the proportions and predictors of TB treatment outcomes among MDR/RR-TB
treated patients.
Methods: A 10-year, 2011 to 2021, hospital-based retrospective cohort study was conducted at the University of Gondar
Comprehensive Specialized Hospital. The records of 408 MDR-TB patients, 389 with treatment outcome and 19 on treatment, were
collected using a structured checklist.
Results: A total of 389 patients with a recorded MDR/RR-TB treatment outcome were included. The treatment success rate was
77.12%, with 58.35% cured and 18.76% treatment completed. The proportion of death rate, treatment default loss to follow-up,
treatment failure, and unknown treatment outcome was 9.25%, 6.94%, 3.1%, and 3.6%, respectively. Regarding the patient category,
the most successful treatment outcome (83.5%) came from patients diagnosed with relapse cases, followed by new cases (81.8%). An
unsuccessful treatment outcome was significantly associated with patients aged >44 years (AOR, 3.3, 95% CI = 1.55–6.99).
Conclusion and Recommendations: This study indicated that nearly 23% of MDR/RR-TB patients had unsuccessful treatment
outcomes and being older was significantly correlated with these outcomes. For better outcomes, it is recommended to strengthen
combined treatment adherence interventions and evaluate treatment regimens and administration options. A prospective cohort study
may be required to investigate the full range of potential causes of unfavorable outcomes.
Keywords: tuberculosis treatment outcome, multidrug-resistant tuberculosis, rifampicin resistance, Ethiopia

Background
Tuberculosis (TB) is one of the top causes of morbidity and mortality worldwide, particularly in developing countries.1,2

TB caused by Mycobacterium tuberculosis (MTB), a bacterium that can survive harsh environments mainly due to the
presence of an unusually thick, lipid-rich cell envelope,3,4 infects approximately 1/4 of the world’s population.5

Although, the global incidence and death rates of TB have decreased in recent years,5,6 meeting the WHO End TB
Strategy targets is becoming increasingly difficult.7 The emergence of drug-resistant (DR) MTB strains is an impediment
to effective TB control programs,5,6,8 which could explain the setback.2,9,10 DR-TB, responsible for roughly one-third of
all antimicrobial resistance deaths worldwide,11 is a public health crisis that poses a threat to global health security. In
2019, around 1.5 million DR-TB cases were reported worldwide.5 Both mismanagement of TB treatment and person-to-
person transmission are the primary reasons for the continued emergence and spread of DR-TB.8,12,13
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Multidrug-resistant TB (MDR-TB), TB resistant to at least isoniazid and rifampicin, and rifampicin-resistant (RR)
TB, TB resistant to rifampicin with or without resistance to other first-line anti-TB drugs, are the most common types of
DR-TB.14 According to the reports, up to 90% of RR-TB cases are resistant to isoniazid.15 As a result, in countries with
limited MDR-TB laboratory diagnostic capacity, RR-TB is utilized as a surrogate marker for MDR-TB.16 Globally, 3–4%
of new and 18–21% of previously treated cases are diagnosed with MDR/RR-TB.5,6 However, in Ethiopia, the prevalence
of RR-TB and MDR-TB in 2019 was 1.1% and 1.03% among new and 7.5% and 6.52% among previously treated TB
cases, respectively.16 Globally, an estimated of nearly half a million new cases of MDR/RR-TB emerge each year,
requiring regimens that include second-line drugs, which are less effective, more expensive, and more toxic than the first-
line drugs.5,14,17

Even though the annual number of people taking treatment for MDR/RR-TB has increased in recent years, only
482,683 peoples with MDR/RR-TB were treated between 2018 and 2020, which is equivalent to 32% of the five-year
(2018–2022) treatment target of 1.5 million.6 The worldwide MDR/RR-TB treatment success rate (TSR) has also
increased in recent years. For example, it was 56% in 2016, 57% in 2017 and 59% in 2018.5,6,18 In 2018, the average
TSR in the African region was 69%, which was higher than in the European region (56%). In Ethiopia, it was >75%,
which was one of the highest among high-burden countries.6

Most of the 30 high-burden countries for TB, HIV-associated TB, and RR-TB to be used by WHO in the years 2021–
2025 are from Africa,6 where factors that usually affect TB treatment outcomes, such as poverty, undernutrition, and
chronic infectious diseases are prevalent.19 In Ethiopia, factors such as low body mass index (BMI), comorbidities,
previous anti-TB drug exposure, older age, anemia, and treatment delay were reported as the causes of poor treatment
outcomes.20–22 As far as the literature is concerned, there has been little work done on treatment outcomes and associated
factors of MDR/RR-TB in the study area.

Materials and Methods
A hospital-based retrospective cohort study was undertaken from June to September 2021 at the University of Gondar
Comprehensive Specialized Hospital (UoGCSH), Gondar, Ethiopia. This teaching hospital provides outpatient and
inpatient services for more than five million residents in North Gondar and its surrounding areas. This hospital offers
curative, rehabilitative, educational, and promotional services. It has more than 518 beds, with different health service-
providing departments, including the MDR-TB treatment center. UoGCSH is one of Ethiopian’s treatment initiating
centers (TICs) for DR-TB since 2010, but the only one in the North Gondar zone, which has many treatment follow-up
centers (TFCs). Patients with MDR-TB initiate their treatments in the UoGCSH, while stable patients follow the
treatment under a directly observed therapy (DOT) program in the nearby TFCs as ambulatory outpatients. However,
all information on patients who were registered for MDR-TB treatment was captured at the UoGCSH.

Study Population
We included all patients who had MDR/RR-TB treatment outcomes registered on MDR-TB registration books from 2011
to 2021. Patients receiving MDR-TB treatment were excluded from the inferential statistics.

Data Collection Tools
We collected the data from registration books of patients with MDR/RR-TB using a structured checklist. There were
three data collectors and two supervisors. Patient information, including age, sex, BMI, treatment outcomes, history of
TB drug use, HIV status or other comorbidities, patient category, site of TB infection, laboratory results, types of DR-TB,
and year of diagnosis, were obtained from MDR/RR-TB registration book.

Treatment Outcomes
Treatment outcomes were defined and classified according to the WHO guidelines23,24

Cured: A patient with bacteriologically confirmed TB at the beginning of treatment who completed treatment as
recommended by the national policy, with evidence of bacteriological response and no evidence of failure. Treatment
completed: A patient who completed treatment as recommended by the national policy, whose outcome does not meet the
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definition for cure or treatment failure. Died: A patient who died before starting treatment or during the course of
treatment. Treatment failed: A patient whose treatment regimen needed to be terminated or permanently changed to
a new regimen or treatment strategy. Lost to follow-up: A patient who did not start treatment or whose treatment was
interrupted for 2 consecutive months or more. Not evaluated: A TB patient for whom no treatment outcome is assigned.
Successful treatment outcomes: include cured patients and those who completed treatment.

Data Quality Control
We used different methods to ensure that the collected data had the required quality. For instance, we used a structured
data collection checklist and regular communication with the hospital staff. Finally, we checked the collected data and
cleaned manually and entered into SPSS version 20 for analysis.

Data Processing and Analysis
Descriptive statistics were used to calculate frequencies and percentages of variables. Continuous variables were
summarized using their mean and standard deviations. The magnitude of the association between different variables
and MDR/RR-TB was assessed using bivariable and multivariable analyses. Variables with a p-value <0.20 during
bivariate analysis were taken to the multivariate analysis to check whether there was an association of MDR/RR-TB with
factors and expressed by an adjusted odds ratio at 95% confidence interval. Finally, results were presented in tables, texts,
and graphs.

Result
Demographic Characteristics
A total of 408 MDR/RR-TB patients, 389 with treatment outcomes and 19 on treatment, were registered at the UoGCSH
between 2011 and 2021. The highest number of patients enrolled into the treatment was in 2013 (72/408; 17.6%),
followed by 2014 (50/408; 12.3%), 2012 (45/408; 11%), and 2017 (42/408; 10.3%). Most of the MDR/RR-TB patients
were male (251/408; 61.5%). The age distribution of the patients ranged from 1 to 73 years, with a mean and standard
deviation of 32.4 and ± 12.55 years. Majority of the patients were aged between 25 and 44 (224/408; 54.9%), followed
by <25 years (111/408; 27.2%) (Table 1). Of the total registered MDR/RR-TB patients, 19/408; 4.7% were on treatment
and thus excluded in the analysis part.

Clinical Characteristics
Most of the patients (245; 60%) were suffered from malnutrition, their body mass index (BMI) ratio was below the
normal range (18.5–24.9). Majority of the patients had pulmonary TB (PTB) (372; 91.2%) and previous TB
treatment (318; 77.9%). About 101 (24.8%) of the MDR/RR-TB patients were HIV positive, and 34 (8.3%) of
the patients were with unknown HIV status. The HIV prevalence among those with known status was 101/374
(27%). More than half of the patients (214; 52.5%) were started MDR/RR-TB treatment after failure to TB drug
treatment, followed by relapse (92; 22.55%) and newly diagnosed (85; 20.8%) cases. Of the 408 patients, 124
(30.4%) and 90 (22.1%) had previous exposure to first-line drugs (FLDs) and second-line drugs (SLDs), respectively
(Table 1).

MDR/RR-TB Treatment Outcomes
Of the 389 registered MDR/RR-TB patients with treatment outcomes, the majority (227; 58.35%) were cured, followed
by completed (73; 18.76%). The overall treatment success rate was 300/389 (77.12%). Thirty-six (9.25%) treated patients
died and treatment failure was observed in 12 (3.1%) cases. From the total unsuccessful MDR/RR-TB treatment outcome
cases, 14 (3.6%) were with treatment outcomes that could not be evaluated (Table 2).
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Table 1 Socio-Demographic and Clinical Characteristics of MDR/RR-TB Patients
Treated at the UoGCSH, Between 2011 and 2021 (N = 408)

Variables Frequency Percentage

Sex Male 251 61.5

Female 157 38.5

Age ≤ 5 7 1.7

6–12 4 1

13–18 19 4.7

19–24 81 19.9

25–44 224 54.9

≥ 45 73 17.9

BMI < 18.5 245 60

≥ 18.5 99 24.3

Unknown 64 15.7

Site of TB infection Pulmonary 372 91.2

Extrapulmonary 36 8.8

Comorbidity (at

least one)

Yes 115 28.2

No 293 71.8

HIV status Reactive 101 24.8

Non-reactive 273 66.9

Unknown 34 8.3

History of TB drug

usage

Yes 323 79.2

No 85 20.8

Patient category New 85 20.8

Relapse 92 22.55

Failure to FLDs 124 30.4

Failure to SLDs 90 22.1

Loss to follow-up 7 1.72

Others 10 2.45

Year of diagnosis 2011 30 7.4

2012 45 11.0

2013 72 17.6

2014 50 12.3

2015 40 9.8

2016 18 4.4

(Continued)
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Factors Associated with MDR/RR-TB Treatment Outcomes
Possible factors affecting the MDR/RR-TB treatment outcome were assessed using the bi-variable and multivariable
logistic regression model. In bivariable analysis, variables like age, BMI, and patient category had a p-value of <0.2 and
thus eligible for the multivariable analysis. According to the multivariable analysis result, treatment outcomes of TB
were affected by the age of the patient. Patients aged above 44 years were 3.3 times more likely to have unsuccessful
treatment outcomes than those aged less than 25 years [AOR, 3.292; 95% CI (1.551–6.988)]. There was also a higher
proportion of unsuccessful treatment outcome among patients with comorbidities, HIV infection, and history of anti-TB
drug use than their counterparts (Table 3).

Discussion
In the past 20 years, there has been a significant decrease in TB incidence and an estimated number of annual TB deaths.
Globally, because of TB treatment, more than estimated 63 million deaths have been averted since 2000.5 Since TB
treatment success is one of the most important indicators in WHO’s End TB Strategy, tracking treatment outcomes over
time is substantial.25

The current study found a 77.12% (95% CI = 73.0–81.5) MDR/RR-TB TSR, which is in agreement with the 75.7%
national TSR report (from 2009 to 2019) by Habteyes Tola.21 Other retrospective studies conducted in Addis Ababa
(2011–2016)26 and Southern-Ethiopia (2014–2019)27 also reported similar findings, 76.9% and 76.32%, respectively.
However, according to a review paper published in 2020, the overall pooled TSR in Ethiopia was 63.82%, which was
less than the current report.22 Our finding was also higher than results reported in Northeast Ethiopia, 64.4%,28 Northwest
Ethiopia, 63%,29 and a systematic review by Setegn Eshetie, 59.2%.30 This huge gap in TSR may be due to differences in

Table 1 (Continued).

Variables Frequency Percentage

2017 42 10.3

2018 34 8.3

2019 31 7.6

2020 24 5.9

2021 22 5.4

Total 408 100%

Table 2 Treatment Outcomes Among Patients Who Had Received Treatment for
MDR/RR-TB at the UoGCSH, Between 2011 and 2021 (N = 389)

Treatment Outcomes Frequency Percentage

Successful N = 300 (77.12%) Cured 227 58.35

Completed 73 18.76

Unsuccessful N = 89 (22.88%) Died 36 9.25

Failed 12 3.1

Loss to follow-up 27 6.94

Not evaluated 14 3.6

Total 389 100
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the study area, study protocol, or study populations used to calculate the success rate. For instance, in the above two
studies,29,30 patients on treatment were included in the TSR calculation, but we excluded them in the current study.

The mortality rate in the current study was 9.25% (95% CI = 6.2–12.3), which is in agreement with a report from
Southern Ethiopia, 9.37%.27 However, it was lower than other individual reports in Ethiopia.22,28–31 The current result
was even lower than death rates reported using nationwide data. For instance, according to the 2018 published review32

and a retrospective study from Ethiopia,21 about 14.3% and 12.8% death rates, respectively, were reported among MDR/
RR-TB treated patients. The presence of patients with unknown outcomes (3.6%) may have resulted in an under-
estimation of the mortality rate in this study. Those patients are more likely to have negative outcomes, including death,
because they no longer visit the healthcare system unless they have been transferred out.

Table 3 Bivariable and Multivariable Analyses of Factors Associated with MDR-TB Treatment Outcomes at the UoGCSH, from 2011
to 2021. (N = 389)

Variables Treatment Outcome COR (95% CI) AOR (95% CI)

Successful (%) Unsuccessful (%)

Sex Male 187 (77.6) 54 (22.4) 0.932 (0.574–1.515) NA

Female 113 (76.4) 35 (23.6) Ref

Age <25 91 (85.8) 15 (14.2) Ref Ref

25–44 164 (76.6) 50 (23.4) 1.85 (0.984–3.477) 1.831 (0.961–3.487)

≥45 45 (65.2) 24 (34.8) 3.236 (1.548–6.764) 3.292 (1.551–6.988)

BMI Under weight 173 (75.2) 57 (24.8) 1.779 (0.950–3.331) 1.738 (0.909–3.323)

Normal weight 81 (84.4) 15 (15.6) Ref Ref

Unknown 46 (73.0) 17 (27.0) 1.996 (0.912–4.366) 1.833 (0.812–4.137)

Comorbidity Yes 82 (73.9) 29 (26.6) 1.285 (0.771–2.142) NA

No 218 (78.4) 60 (21.4) Ref

HIV status Reactive 70 (72.2) 27 (27.8) 1.459 (0.855–2.489) NA

Non-reactive 208 (79.1) 55 (20.9) Ref

Unknown 22 (75.9) 7 (24.1) 1.203 (0.489–2.962)

Type of TB Pulmonary 272 (76.4) 84 (23.6) Ref NA

Extrapulmonary 28 (84.8) 5 (15.2) 0.58 (0.216–1.545)

TB drug use

history

Yes 237 (76) 75 (24) 1.424 (0.755–2.686) NA

No 63 (82) 14 (18) Ref

Patient category

(history)

New 63 (81.8) 14 (18.2) Ref Ref

Relapse 71 (83.5) 14 (16.5) 0.887 (0.393–2.004) 1.161 (0.480–2.808)

Failure to FLDs 90 (75) 30 (25) 1.800 (0.316–10.246) 2.701 (0.420–17.356)

Failure to SLDs 64 (71.1) 26 (28.9) 1.500 (0.736–3.055) 2.011 (0.916–4.416)

Loss to follow-up 5 (71.4) 2 (28.6) 1.828 (0.875–3.820) 2.415 (1.075–5.425)

Others 7 (70) 3 (30) 1.929 (0.443–8.398) 2.559 (0.705–7.574)

Abbreviations: AOR, adjusted odd ratio; CI, confidence interval; COR, crude odd ratio; FLD, first-line drug; NA, not available; Ref, reference; SLD, second-line drug.
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Another notable finding in this study was the significant association between unsuccessful MDR/RR-TB treatment
outcome and older age (>44 years). This was also reported by other studies in Ethiopia21,22,33 and abroad.34,35 The
presence of underlying malignant conditions, immunosuppressive therapies, malnutrition, and other age-related health
conditions make elderly population susceptible to TB disease and its complications.36–38

In this study, patients with a low BMI, comorbidities, HIV infection, a history of past anti-TB drug usage, and
pulmonary TB had a higher proportion of unfavorable treatment outcomes than their counterparts. The association,
however, was not statistically supported. A study conducted from a teaching and referral hospital in Wolayta Sodo,
Ethiopia, reported similar findings.39 However, studies in Ethiopia and abroad reported that undernutrition,31,33 HIV
infection,21,26 and history of anti-TB drug use40 were risk factors for unsuccessful treatment outcomes such as treatment
failure and death. In the present study, there were a considerable number of patients with unknown HIV and BMI status,
which may have underestimated the frequency of HIV infection and BMI, respectively. As a result, unknown status may
have an impact on the association of treatment outcome with the variables. The UoGCSH is currently working on the
implementation of electrical medical recording (digital data management), and we anticipate that the above difficulties
will be addressed as a result of this type of initiative.

We acknowledge that our study has limitations. The major limitation was attributable to the use of secondary data, we
could not access the full range of factors for treatment outcomes. For instance, patient data on sociodemographic,
behavioral, and clinical factors, such as the presence or absence of pregnancy, were missing in patient records.
Furthermore, the presence of unknown status for some variables, such as HIV infection and BMI, may affect our
analysis of their relationship with treatment outcomes.

Conclusion and Recommendations
Although the TSR seen in this study was better than other reports in Ethiopia and abroad, there were still significant
numbers of lost to follow-up and death cases. Thus, it is recommended to strengthen combined treatment adherence
interventions to reduce the number of deaths and loss to follow-up cases in MDR/RR-TB patients. Furthermore, regular
evaluation of treatment regimens and treatment administration options can be substantial in reducing unfavorable
treatment outcomes.14 A prospective cohort study may be required to investigate the full range of potential causes of
unfavorable outcomes.

Abbreviations
BMI, body mass index; CI, confidence interval; COVID-19, coronavirus disease 2019; DOT, directly observed therapy;
DR-TB, drug-resistant tuberculosis; FLDs, first-line drugs; HIV, human immunodeficiency virus; MDR-TB, multidrug-
resistant tuberculosis; MTB, Mycobacterium tuberculosis; RR-TB, rifampicin-resistant tuberculosis; SLDs, second-line
drugs; SPSS, Statistical Package for Social Sciences; TB, tuberculosis; TSR, treatment success rate; UoGCSH,
University of Gondar Comprehensive Specialized Hospital; WHO, World Health Organization.
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