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A B S T R A C T   

Background: Tuberculosis continues to be a major health concern around the world. It kills an estimated 1.6 
million people each year. The World Health Organization (WHO) removed Ethiopia from its list of thirty 
countries having a high prevalence of MDR/RR-TB in 2021. As a result, the aim of this study was to assess the 
current context of survival status and risk factors of multidrug-resistant tuberculosis patients in Addis Ababa, 
Ethiopia, in 2022. 
Methods: An institutional-based retrospective cohort study with 245 patients was undertaken using multidrug- 
resistant tuberculosis patients who were recruited from January 1st, 2018 to December 30th, 2021, in St. Pe-
ter’s specialized hospital. To find independent predictors of survival status, Cox regression analysis was used. An 
adjusted hazard ratio with a 95% confidence interval and a p-value of < 0.05 was used to establish association 
and statistical significance. 
Results: The result of the study revealed that the incidence of mortality in this study was 13.1% (95% CI: 
10.3–16.5). Moreover, being male (AOR = 3.7: 95% CI = 1.2, 11.4), old age (AOR = 14: 95% CI = 3.0, 60.4), site 
of TB (AOR = 0.2: 95% CI = 0.03, 0.6), and presence of comorbidity (AOR = 9.2: 95% CI = 2.4, 35.3), were 
independent predictors of time to death. 
Conclusion: Generally, the death rate among research participants was high. Moreover, male gender, old age, site 
of tuberculosis, and presence of other comorbidity were predictors of mortality among MDR-TB patients.   

1. Introduction 

Tuberculosis (TB) is an infectious disease that is a leading cause of 
sickness, one of the top ten causes of mortality worldwide, and the 
leading cause of death from a single infectious agent (ranked above HIV/ 
AIDS) [1]. It is the 9th leading cause of all deaths worldwide and the 2nd 
leading cause of death from all infectious diseases [2]. By 2021, there 
were an estimated 10.6 million new cases and 1.4 million among HIV- 
negative and 187,000 among HIV-positive a total of 1.6 million TB 
deaths worldwide [3]. TB is a treatable and preventable disease, but 
without treatment, the mortality rate is substantial (about 50%) [4]. 

Multidrug-resistant tuberculosis (MDR-TB) is a major global health 

risk, driving the ongoing TB epidemic and increasing morbidity and 
mortality worldwide [5]. Adherence and tolerability may be difficult to 
achieve once multidrug-resistant tuberculosis treatment is initiated [6]. 
Recent research reveals that MDR-TB is a significant contributor to post- 
TB lung disease (PTLD), which causes disability and frequently neces-
sitates rehabilitation [7,8]. MDR-TB treatment necessitates a course of 
second-line medications for at least nine months and up to twenty 
months, accompanied by counseling and monitoring for adverse out-
comes [9]. 

According to anti-TB medication resistance surveillance statistics, 
4.1% of new TB cases and 19% of previously treated TB cases worldwide 
have multidrug-resistant or rifampicin-resistant tuberculosis [10]. In 
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Ethiopia, MDR-TB is an important health concern, affecting a productive 
segment of population, with an estimated prevalence of 1.03% among 
new and 6.52% among previously treated TB cases in 2019 [11]. 

MDR-TB patient death has been linked to a number of factors. Ac-
cording to various studies, the presence of any chronic disease such as 
HIV/AIDS, alcohol use, smoking, age, clinical complication, extra- 
pulmonary TB, therapeutic delay, body mass index (BMI), living in 
rural areas, poor drug adherence, hypokalemia, and a low CD4 count 
were risk factors for MDR-TB patient mortality [12–17]. 

Ethiopia began MDR-TB treatment at St. Peter’s Specialized Hospital 
in Addis Ababa in 2009 in response to the first 45 MDR-TB patients 
identified at St. Peter’s TB Specialist Hospital [18], followed by Gondar 
University Hospital. In recent years, there has been a rapid scale-up at 
the national and regional state level, with over 67 MDR-TB Treatment 
Initiative Centers (TICs) that are facilities set up to care for MDR/RR TB 
patients [19]. The National TB and HIV Program in Ethiopia, together 
with partners, implemented a DR-TB mixed model of care, which was 
successful in increasing patient enrollment rates by a factor of twelve 
while also achieving treatment success rates of 75% and cure rates of 
65% [20]. Moreover, Ethiopia was removed from the list of 30 countries 
with a high MDR/RR-TB burden by the World Health Organization 
(WHO) in 2021 [21]. Besides, identifying and managing risk factors in 
MDR-TB patients is the first step in developing effective therapeutic 
interventions and improving treatment outcomes. This study is therefore 
thought to provide current context of survival status and influencing risk 
factors for mortality in Multi Drug Resistant Tuberculosis patients. As a 
result, the purpose of this study was to assess the survival status and risk 
factors for mortality among multidrug-resistant tuberculosis patients in 
Addis Ababa, Ethiopia, in 2022. 

2. Methods 

2.1. Study design and setting 

A retrospective follow-up study was conducted in Addis Ababa, the 
capital city of the Federal Democratic Republic of Ethiopia. It was car-
ried out at Saint Peters specialized hospital, the country’s largest TB 
referral centre, which started providing MDR-TB treatment at the end of 
2009 to treat patients sent from all around the country. The hospital has 
a long history of tuberculosis management, and it was the first hospital 
in the country to manage TB cases since June 1961. The study sample 
consisted of MDR-TB patients who began MDR-TB medication between 
January 1, 2018, and December 30, 2021. 

All MDR-TB patients who started therapy with second-line medicines 
at St. Peter’s Specialized Hospitals between 2018 and 2021 were 
included in the study. The study includes the complete medical records 
of 245 MDR-TB patients who were enrolled at the St. Peter’s Specialized 
Hospital during the index period (Fig. 1). 

2.2. Variables and definition of the study 

Survival status of MDR-TB patients was considered an outcome 
variable, as were socio-demographic factors such as age, gender, initial 
weight, initial height of the patients, smoking, alcohol use status, and 
clinical characteristics including tuberculosis treatment history, tuber-
culosis site (pulmonary or extrapulmonary), HIV co-infection, diabetes, 
hypertension, other co-morbidities, and the type of drug resistance at 
baseline, as well as the types of adverse drug reactions that occurred 
after treatment. These factors were evaluated as independent. 

MDR-TB is caused by Mycobacterium tuberculosis strains that are 
resistant to at least isoniazid (INH) and rifampicin (RMP) [22]; 

Survival Status: The outcome of patients identified as censored or 
dead in their clinical data file from scheduled or unscheduled visits was 
designated as their survival status [23]. 

Time to death: It was determined as the interval between the date of 
a clear MDR-TB diagnosis and the date of death (in months) [24]. 

Ototoxicity is defined as ear damage, specifically damage to the 
cochlea or auditory nerve and, in some cases, the vestibular system. The 
loss of response at three consecutive frequencies was used to determine 
ototoxicity. 

Serious adverse events (SAEs) are defined as any undesirable or 
harmful effect associated with the administration of drugs to treat MDR- 
TB that resulted in the suspension or withdrawal of one or more second- 
line anti-TB drugs. The term “suspends” considered to the temporary 
discontinuation of one or more drugs, whereas “withdrawal” referred to 
the permanent discontinuation of one or more drugs. 

2.3. Data collection and analysis 

Data were collected by reviewing patient charts. The data collection 
tool was adopted from different published articles with slight modifi-
cations for the local context. The check list was focused on clinical 
variables and sociodemographic characteristics. 

Data were collected after one day of orientation for the data collec-
tors. On-site supervision and feedback were provided on a daily basis for 
data collectors for consistency, completeness, and accuracy. Five 
percent of the total checklist was refilled, and ten percent of the data was 
double-entered to check for accuracy. 

The raw data were entered into Epidata and transported to SPSS 
version 26 software for analysis. Descriptive statistical analysis was 
done using frequency, percentages, and tables. The bivariate cox- 
regression analysis was done to identify candidate variables using a p- 
value <2.5. Significant variables from the bivariate analysis with a p- 
value of 0.25 were included in the multivariable cox-regression analysis 
to identify independent predictors of survival status. An adjusted hazard 
ratio with 95% CI and a p-value < 0.05 was used to determine statistical 

Fig. 1. Sample recruitment chart of patients who received MDR-TB treatment 
in Addis Ababa, Ethiopia. 
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significance. 

3. Results 

3.1. Socio-demographic characteristics 

A total of 245 participants were included in this study. The majority 
of them, 140 (57.1%), were males, and 99 (40.4%) were below the age 
of 24 years, with a median age of 26. The majority of the patients in this 
study (62.4%) were city dwellers. In terms of substance use, 15 (6.1%) 
drank alcohol, and 7 (2.9%) were chat chewer (Table 1). 

3.2. Clinical and medical conditions of patients 

According to the findings of the study, the majority of 219 (89.4%) of 
the participants had pulmonary tuberculosis, and more than half 
(62.4%) of the MDR-TB patients had a history of TB treatment. One-third 
(37.6%) of MDR-TB patients were newly admitted, while 76 (31% were 
relapsing). The majority of cases (229, or 93.5%) were diagnosed using 
Gene Expert, with 26 (11.4%) using culture, 24 (9.8%) using line probe 
testing, and 16 (6.5%) using clinical diagnosis. 

HIV co-infection was the most common comorbidity among MDR-TB 
cases (67.3%), while diabetes mellitus accounted for 6 (2.4%). In 
addition, almost 30 (12.2%) of MDR-TB patients had comorbidities 
other than HIV infection and diabetes mellitus, including anemia 
(4.5%), pneumonia (2.9%), and SAM (4.9%). Approximately 31 (13.1%) 
of MDR-TB patients experienced side effects during treatment. Hearing 
loss (6.1%) was the most common adverse effect, followed by ototoxicity 
(2.4%) (Table 2). 

3.3. Survival status and treatment outcome of MDR-TB patients 

A total of 245 MDR-TB cases were followed for varying periods of 
treatment, ranging from 16 days to 694 days, with a median of 294 (IQR: 
263–608) days, for a total of 86,218 person-days or 2,874 person- 
months of follow-up. During the follow-up period, 32 deaths were 
observed, resulting in a death rate of 13.4 per 100 person-years. At the 
end of treatment, the cumulative probability of survival for MDR-TB 
patients was 86.9%. The probability of surviving time varied signifi-
cantly between groups, with a total mean survival time of 616.09 (95% 
CI = 590.8–641.4) days. Of all MDR-TB patients, 162 (66.1%) were 
effectively treated, meaning 127 (51.8%) were cured and 35 (14.3%) 
completed their treatment, whereas 32 (13.1%) died during treatment 
and 38 (15.5%) of patients were lost to follow-up (Table 3). 

3.4. Factors associated with MDR-TB mortality 

According to the results of the Cox multivariate analysis, sex, age, 
site of tuberculosis, and the presence of other chronic diseases were all 
substantially linked with death among MDR-TB patients. The findings 
showed that males were 3.7 times more likely than females to die (AHR: 

3.7, 95% CI: 1.2, 11.4). Those aged 41 years or older were 14 times 
(AHR: 14, 95 %CI: 3.0, 60.4) more likely to die than patients aged 24 
years. Patients with pulmonary tuberculosis had a 15% lower risk of 
death (AHR: 0.2, 95% CI: 0.03, 0.6) than patients with extrapulmonary 
tuberculosis. After adjusting for other covariates, patients with chronic 
conditions other than HIV and diabetes were 9.2 times more likely to die 
(AHR: 9.2, 95% CI: 2.4, 35.3) than patients without any additional 
chronic disease (Table 4). 

Table 1 
Sociodemographic characteristics of study participants in Addis Ababa, 
Ethiopia, 2022.  

Variables  Frequency Percent (%) 

Sex Male 140  57.1  
Female 105  42.9 

Age ≤24 99  40.4  
25–30 38  15.5  
31–40 73  29.8  
≥41 35  14.3 

Alcohols Yes 15  6.1  
No 230  93.9 

Chewing chat Yes 7  2.9  
No 238  97.1  

Table 2 
Clinical and medical characteristics of MDR-TB patients in Addis Ababa, 
Ethiopia, 2022.  

Variables  Frequency Percent 
(%) 

Site of Tuberculosis Pulmonary 219  89.4  
Extra pulmonary 26  10.6 

Previous treatment for TB Yes 153  62.4  
No 92  37.6 

Registration group New 92  37.6  
Relapse 76  31.0  
After lost to follow up 7  2.9  
After Failure of first 
line anti TB 

37  15.1  

After the failure of 
second line anti TB 

33  13.5 

Diagnosis method Gene-x pert 229  93.5  
Line probe assay 24  9.8  
Solid culture 16  6.5  
Liquid culture 12  4.9  
Other (Clinical 
diagnosis) 

16  6.3 

HIV-confection Yes 67  27.3  
No 178  72.7 

Diabetes mellitus Yes 6  2.4  
No 239  97.6 

Presence of other chronic 
diseases 

Yes 30  12.2  

No 215  87.8 
Other chronic diseases (n 
¼ 30) 

Anemia 11  4.5  

Pneumonia 7  2.9  
Severe acute 
malnutrition 

12  4.9 

Sputum smears microscopy 
at baseline 

Positive 83  33.9  

Negative 116  47.4  
Unavailable 30  12.2  
Not applicable 16  6.5 

Culture results at baseline Positive 133  54.3  
Negative 35  14.3  
Unavailable 61  24.9  
Not applicable 16  6.5 

Serious adverse effect 
during MDR-TB 
treatment 

Yes 31  13.1  

No 214  86.9 
Serious adverse drug 

reaction type (n ¼ 31) 
Hearing loss 15  6.1  

Psychosis 7  2.9  
Hypokalemia 3  1.2  
Ototoxicity 6  2.4  

Table 3 
Treatment outcome of MDR-TB patients in Addis Ababa, Ethiopia, 2022.  

Treatment outcomes Frequency Percent (%) 95% CI 

Cured 127  51.8 45.3, 58.4 
Treatment completed 35  14.3 9.8, 18.8 
Treatment failure 13  5.3 2.9, 8.6 
Lost to follow up 38  15.5 11.4, 2 
Died 32  13.1 9.0, 17.6  

G.K. Getahun et al.                                                                                                                                                                                                                             



Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 33 (2023) 100398

4

4. Discussion 

This study reviewed the survival status and risk factors of a cohort of 
multi-drug-resistant tuberculosis patients who began treatment at Saint 
Peter Specialized Hospital in Addis Ababa, Ethiopia, between 2018 and 
2021. The incidence of mortality in this study was 13.4 (95% CI: 
10.27–16.53) per 100 person-years of follow-up during treatment, and 
most patients died soon after starting treatment. This finding was 
consistent with a study conducted in Addis Ababa ten years ago with a 
result of 13.3% [25], and a study finding from Butajira, Arbaminch, and 
Shenengibe Hospitals in south and southwestern Ethiopia showed 11% 
[26]. The current finding, however, was higher than that of a previous 
study conducted in Yirgalem and Queen Eleni Hospital in southern 
Ethiopia: 8.44% [27], 8.2% in South-east Ethiopia [28], and 7.42% in 
central Ethiopia [29]. In contrast, this result was lower than a study 
conducted in eSwatini (21.3%) [30], western Ethiopia 21% [31], and a 
systematic review 38% [32]. The variation could be due to differences in 
service regions and the timing of care beginning, as well as a shift in time 
connected to greater patient awareness of their health and improve-
ments in patient care. 

The current study found 66.1% of successful treatment outcomes, 
which is consistent with the studies done in Northwest Ethiopia 63% 
[33] and Haiti, 66.4% [34]. However, it was lower than the national 
treatment success rate of 75.7% [35], 81.1% in Uganda [36], 76.9% in 
Addis Ababa [37] and 77.1% in Gonder compressive Specialized Hos-
pital [38]. The difference in the current success rate could be attributed 
to progress over time, a patient condition during admission, program 
organization, setting, and a variety of other factors. 

This study discovered that males were nearly four times more likely 

to die than females. Similar findings have been reported in different 
studies [39–41]. The possible explanation for this discovery could be 
that women are more likely to stick to treatment regimens than men, 
resulting in better health results. Males have a higher proclivity for 
alcohol and drug use, so stopping their prescription as a male has more 
economic consequences than females. 

We discovered that patients aged 41 years or older were 14 times 
more likely to die than those aged<24 years. This finding is consistent 
with previous results indicating that older people are at a higher risk of 
dying during follow-up and having unsatisfactory MDR-TB treatment 
outcomes [42,43]. In addition, older individuals might have a higher 
risk of mortality and respond poorly to anti-TB treatment because of 
factors such as physical decline, a higher number of comorbidities, 
malnutrition, and decreased immunity [44,45]. 

This study also found that patients with pulmonary tuberculosis had 
a 15% lower risk of death than patients with extrapulmonary tubercu-
losis. This finding was similar to that of the Amhara region study 
[46,47]. One possible explanation is the existence of many co- 
morbidities, which are substantial risk factors for the development of 
extrapulmonary tuberculosis. Moreover, people with chronic diseases 
other than HIV and diabetes were 9.2 times more likely to die than 
patients with no other chronic diseases. This conclusion is consistent 
with prior findings in Ethiopia [27] and India [41]. This could be linked 
to weakened immunity, and co-infection is frequently associated with 
poor response to TB treatments due to anti-tuberculosis drug nutrition 
absorption [48]. Besides, this type of TB is difficult to diagnose and 
results in a high death rate before and after treatment initiation [49]. 

4.1. Strengths and limitations of the study 

The use of an adequate statistical model for a better estimate of risk 
factors was a main strength of this study. However, due to the nature of 
the data acquired during data collection, some critical characteristics 
such as the exact cause of death, patient compliance with therapy, and 
knowledge of the drug-resistance patterns of patient isolates were 
lacking. Moreover, end-of-treatment follow-up test results indicating 
that these patients were disease-free or not at treatment completion 
were difficult to obtain. 

5. Conclusion 

In general, the death rate among the study participants was high. 
Male sex, older age, site of tuberculosis, and presence of other chronic 
diseases were the major predictors of mortality among MDR-TB patients. 
Therefore, to obtain improved treatment outcomes, more attention 
should be placed on the management of drug-resistant TB patients with 
these features. 
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Table 4 
Factors associated with MDR-TB mortality in Addis Ababa, Ethiopia, 2022.  

Variables Category Frequency CHR 
(95% 
CI) 

AHR 
(95% 
CI) 

P-value 

Sex Male 140 2.8 
(1.2, 
5.9) 

3.7 
(1.2, 
11.4)  

0.023* 

Female 105 1 1  
Age ≤24 99 4.4 

(1.4, 
14.1) 

1  

25–30 38 1.3 
(0.3, 
5.1) 

2.6 
(0.5, 
12.2)  

0.32 

31–40 73 0.5 
(0.2, 
1.9) 

1.6 
(0.29. 
8.9)  

0.59 

≥41 35 1 14 (3, 
60.4)  

0.0001** 

Baseline weight <43 75 1.6 
(0.7, 
3.8) 

0.33 
(0.8, 
1.4)  

0.13 

≥43 170 1 1  
Site of 

Tuberculosis 
Pulmonary 219 0.6 

(0.2, 
1.7) 

0.2 
(0.03, 
0.6)  

0.009** 

Extra pul. 26 1 1  
HIV-coinfection Yes 67 0.5 

(0.2, 
1.3) 

1.1 
(0.3, 
4.5)  

0.88 

No 178 1 1  
Presence of 

other chronic 
diseases 

Yes 30 7.8 
(3.4, 
18.1) 

9.2 
(2.4, 
35.3)  

0.001** 

No 215 1 1  
SAE during 

MDR-TB 
treatment 

Yes 31 0.5 
(0.2, 
1.5) 

0.5 
(0.1, 
2.0)  

0.35 

No 214 1 1  

**Significant at P < 0.01, * Significant at P < 0.05. 
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