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ABSTRACT
Objectives  Treatment success rate in patients treated 
for multidrug-resistant tuberculosis (MDR-TB) is low, 
but predictors of treatment failure and death have been 
under-reported. Thus, we aimed to determine the national 
proportion of treatment success rate in the past 10 years and 
factors that predict treatment failure and death in patients 
with MDR-TB in Ethiopia.
Setting  A retrospective cohort study with a 10-years follow-
up period was conducted in 42 MDR-TB treatment-initiating 
centres in Ethiopia.
Participants  A total of 3395 adult patients with MDR-TB 
who had final treatment outcome and who were treated 
under national TB programme were included. Data were 
collected from clinical charts, registration books and 
laboratory reports. Competing risk survival analysis model 
with robust standard errors (SE) was used to determine the 
predictors of treatment failure and death.
Primary and secondary outcomes  Treatment outcome 
was a primary outcome whereas predictors of treatment 
failure and death were a secondary outcome.
Results  The proportion of treatment success was 75.7%, 
death rate was 12.8%, treatment failure was 1.7% and lost 
to follow-up was 9.7%. The significant predictors of death 
were older age (adjusted hazard ratio (AHR)=1.03; 95% CI 
1.03 to 1.05; p<0.001), HIV infection (AHR=2.0; 95% CI 1.6 
to 2.4; p<0.001) and presence of any grade of anaemia 
(AHR=1.7; 95% CI 1.4 to 2.0; p<0.001). Unlike the predictors 
of death, all variables included into multivariable model were 
not significantly associated with treatment failure.
Conclusion  In the past 10 years, although MDR-TB 
treatment success in Ethiopia has been consistently 
favourable, the proportion of patients who died is still 
considerable. Death could be attributed to advanced age, 
HIV infection and anaemia. Prospective cohort studies are 
necessary to further explore the potentially modifiable 
predictors of treatment failure.

BACKGROUND
The emergence of drug-resistant tubercu-
losis (TB) has been undermining the efforts 

to control TB and continues to cause severe 
morbidity and mortality among millions 
across the world. The WHO estimated that 
nearly half a million rifampin-resistant new 
TB cases occurred in 2019 across the world.1 
Multidrug-resistant (MDR)-TB is defined 
as a Mycobacterium tuberculosis resistant to at 
least isoniazid and rifampin; whereas, exten-
sively drug-resistant (XDR)-TB refers to a M. 
tuberculosis resistance to at least rifampin and 
isoniazid as well as resistance to any fluoro-
quinolone and at least one of the three inject-
able anti-TB drugs (capreomycin, kanamycin 
or amikacin).2 The treatment of MDR-TB and 
XDR-TB has been largely unsuccessful due to 
the difficulty of the diagnosis, long duration 
of the treatment, the less effective and toxic 
drugs used for the treatment and unavail-
ability of drug options.3–5

The current MDR-TB treatment success rate 
(the sum of cured and treatment completed) 

Strengths and limitations of this study

►► National multidrug-resistant tuberculosis (MDR-TB) 
treatment success rate in the past 10 years was de-
termined using MDR-TB treatment programme data.

►► Although MDR-TB mortality is high, predictors of 
death and treatment failure are under-reported.

►► This study determined the predictors of treatment 
failure and death using competing risk survival anal-
ysis model with a robust SE.

►► Retrospective nature of the study design leads to key 
variables such as sociodemographic, behavioural, 
adverse drug reactions, key laboratory variables and 
treatment adherence status missing.

►► A short MDR-TB treatment regimen is recently intro-
duced in Ethiopia; therefore, patients treated by long 
regimen alone were enrolled into this study.
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is considerably low.1 3 6 The WHO’s recent global estima-
tion indicates that only 57% of patients with MDR-TB 
were successfully treated in 2017.1 Moreover, a recently 
published individual patient data meta-analysis study 
indicated that 61% of patients with MDR-TB were treated 
successfully.6 However, recent studies indicated relatively 
higher treatment success rates in certain settings.7–10 For 
example, 82.4% of patients with MDR-TB were treated 
successfully in Taiwan,7 75.8% in Pakistan10 and 75.7% in 
Tanzania.8

Heterogeneous and inter-related factors are associated 
with poor MDR-TB treatment outcome. Infection with 
HIV,11–14 diabetes mellitus,12 15 16 malnutrition17 18 and 
anaemia12 14 19 are comorbidities that are associated with 
poor treatment outcome in patients treated for MDR-
TB. Moreover, treatment interruption,14 20 21 medication 
regimens,22 antiretroviral therapy (ART) timing,23 time 
to MDR-TB treatment initiation after diagnosis24 and 
previous TB treatment18 25 are the treatment-related 
factors that are associated with poor treatment outcome 
in the patients with MDR-TB.

Ethiopia is among the 30 high-TB and MDR-TB preva-
lent countries with an estimated TB incidence of 140 per 
100 000 population in 2019.1 Despite an improving TB 
control programme and relative treatment success rate, 
the prevalence of MDR-TB in Ethiopia remains high with 
2.2% in new TB cases and 21.1% in previously treated TB 
cases.26 However, WHO’s recent estimate in Ethiopia indi-
cated a lower prevalence of 0.71% of MDR-TB in new cases 
and 12% in previously treated cases in 2019.1 Although 
there is no national level report on MDR-TB treatment 
outcome in Ethiopia, studies reported from local data 
indicated variable treatment success that ranges between 
63% and 78.8%.9 19 27

The global treatment success rate of MDR-TB is low and 
there is limited evidence on the factors that are associated 
with poor treatment outcome. Furthermore, available 
studies are focused in the determination of predictors 
of unsuccessful treatment outcome by merging death, 
treatment failure and lost to follow-up in one category. 
However, this could conceal the actual predictors of death 
and treatment failure. To that extent, there is no study that 
reported the predictors of death and treatment failure 
separately using competing risk survival analysis model 
with robust SE. Ethiopia is among the countries which 
lack such evidence at national level to plan an effective 
intervention that could decrease treatment failure and 
reduce death in patients with MDR-TB. Thus, we aimed 
to determine the national level treatment success rate in 
the past 10 years and factors that could predict treatment 
failure and death in patients with MDR-TB in Ethiopia.

MATERIALS AND METHODS
Study setting, population and design
We conducted a retrospective cohort study on adult 
patients aged ≥15 years, diagnosed either biologically 
or clinically for both pulmonary and extra-pulmonary 

TB and enrolled to MDR-TB treatment at 42 treatment-
initiating centres (TICs) in Ethiopia from February 
2009 to February 2019. MDR-TB treatment was started 
in February 2009 in one hospital in Addis Ababa, Ethi-
opia.27 During this study period, there were a total of 53 
TICs and several treatment follow-up centres (TFCs) in 
the country. The majority of the patients with MDR-TB 
initiate their treatments in TICs while stable patients 
follow the treatment under directly observed therapy 
programme in nearby TICs or TFCs as ambulatory outpa-
tients. However, all information on the patients registered 
for MDR-TB treatment has been documented at TICs 
where the patient started the treatment. We included a 
total of 42 TICs into this study; the remaining 11 TICs 
had no patients who completed their treatment during 
the study period.

Inclusion and exclusion criteria
We included all adult patients who were aged ≥15 years, 
diagnosed either bacteriologically or clinically for 
MDR-TB and enrolled to the treatment from February 
2009. Children <15 years old were excluded from this 
study, because their treatment guideline is different from 
the adults. Moreover, we excluded patients who had no 
final treatment outcome (transferred out or still on treat-
ment or treatment outcome missed from data sources).

Laboratory test
All laboratory tests were performed according to WHO 
recommendation and national TB laboratory algorithm 
in quality-assured TB laboratories.28 29 To detect drug-
resistant TB, culture tests were carried out with solid 
media (Löwenstein-Jensen) and a fluorometric BACTEC 
MGIT960 at one national TB reference laboratory and 
nine regional laboratories. In addition, GeneXpert Myco-
bactgerium tuberculosisr/resistance to rifampin (MTB/RIF) 
assay was used to detect rifampin-resistant TB. This assay 
is a rapid, sensitive and specific technique that is widely 
used to detect M. tuberculosis and rifampin resistance at 
each level in the national health system. Drug suscep-
tibility test (DST) for first-line drugs was performed by 
BACTEC MGIT960 system based on WHO-recommended 
critical concentrations for rifampin (1.0 g/mL), isoniazid 
(0.1 g/mL), streptomycin (1.0 g/mL), ethambutol (5 g/
mL) and pyrazinamide (100 g/mL). DST for second-line 
drugs (SLDs) has been recently started in the country 
and rarely performed. Data on second-line DST were 
not included to this study because very few DST results 
for SLDs were obtained in the records. Quality assurance 
for DST was regularly performed by Milan supranational 
reference laboratory in Italy and demonstrated constant 
proficiency.

Treatment
Previously, all patients with MDR-TB were treated as 
inpatient model of care for the first few months at treat-
ment centres until the patients were clinically stable with 
culture conversion. However, according to the recent 
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edition of National TB Treatment guideline (2018), all 
patients with MDR-TB need to be treated under clinical-
based ambulatory model of care,29 unless the patients 
are clinically unstable or developed severe adverse drug 
reaction. Patients either with serious medical or social 
conditions could be admitted with the decision of the 
treatment panel. Standardised long-treatment regimens 
were used to treat the patients with MDR-TB in Ethiopia. 
The long-treatment regimen contained at least four oral 
drugs used daily during full course of treatment and 
one injectable drug until M. tuberculosis culture conver-
sion. Treatment with injectable drugs continues at least 
for 8 months based on clinical, microbiological and 
radiographic examination results. The minimum treat-
ment duration was 20 months—at least 18 months after 
bacteriological conversion. The treatment duration of 
9–11 months (short-treatment regimen) was not used.29 
The SLDs used to treat MDR-TB in Ethiopia are levo-
floxacin, ethionamide, cycloserine, para-aminosalicyclic 
acid, pyrazinamide, prothionamide, linezolid, clofazi-
mine and injectable drugs such as amikacin, kanamycin 
and capreomycin.29 All the patients enrolled into this 
study were treated by a standardised long-term regimen 
consisting of capreomycin, levofloxacin, prothionamide, 
cycloserine and high-dose isoniazid during the intensive 
phase.29 During the continuation phase, levofloxacin, 
prothionamide, cycloserine and high-dose isoniazid were 
used.29 Laboratory tests, chest X-ray and clinical investiga-
tions are used to monitor response to the treatment and 
to identify treatment-related complications in patients 
on MDR-TB treatment in Ethiopia. Clinical investiga-
tions only are used to monitor response to the treatment, 
while laboratory tests are used to identify treatment-
related complications for patients with extra-pulmonary 
TB. MDR-TB treatment is free of any cost in Ethiopia 
and there is full access to all categories of drugs to treat 
patients with MDR-TB.

Data collection
We collected data on sociodemographic variables such as 
sex, age and regional state. We also collected TB-related 
data such as anatomical site of TB (pulmonary vs extra-
pulmonary), drug resistance type (rifampin resistance 
(RR) vs MDR), previous treatment (new vs previously 
treated), diagnosis method (bacteriologically vs clin-
ically), HIV status (HIV-infected vs not infected) and 
ART status (on ART vs not on ART vs not applicable). 
In addition, we collected information on bacteriological 
status (smear, GeneXpert MTB/RIF, culture or first-line 
drugs DST results) at treatment initiation. All data were 
extracted from patients’ clinical charts, registration books 
and laboratory reports. Data were collected by health 
professionals familiar with MDR-TB treatment after 2 days 
of practical training on data management.

Definitions
In this study, we used standard WHO and national treat-
ment guidelines definitions for laboratory confirmations, 

patient categories and treatment outcomes.28 29 Clin-
ically diagnosed MDR-TB refers to those cases with no 
documented DST results but treated empirically with a 
course of treatment including SLDs based on clinical 
criteria and contact history.29 However, bacteriologically 
confirmed MDR-TB refers to those cases with the docu-
mented DST results. All patients were categorised into 
new patients (never treated for TB or for <1 month) and 
patients previously treated for TB. The final treatment 
outcomes of MDR-TB were cured, treatment completed, 
death, treatment failed and lost to follow-up. Cured 
refers to a patient initially bacteriologically confirmed 
and completed the treatment without the evidence of 
treatment failure and three or more consecutive cultures 
taken at least 30 days apart being negative after the inten-
sive phase. Treatment completed is defined as a patient 
who completed the treatment without the evidence of 
treatment failure but there is no record that indicates 
three or more consecutive cultures taken at least 30 days 
apart are negative after the intensive phase. A patient 
whose treatment is terminated or need for permanent 
regimen change of at least two anti-TB drugs is catego-
rised as treatment failure. Lost to follow-up also refers 
to a patient whose treatment is interrupted for 2 consec-
utive months or more. Successful treatment outcome 
was the sum of cured and treatment completed, whereas 
unsuccessful was the combination of death, treatment 
failed and lost to follow-up.

Data analysis
We entered data into CSPro software V.6.1 and analysed 
using STATA V.14 (StataCorp, College Station, TX, USA). 
The data were confirmed from each data source and 
cleaned for errors before main analysis. We described 
participants’ demographic and clinical characteristics 
using descriptive statistics. The proportions of MDR-TB 
treatment outcomes were frequency weighed by the total 
number of patients registered from February 2009 to 
February 2019 in each TIC.

We used a competing risk survival analysis model with 
robust SE to assess the effects of different variables on the 
treatment failure and death. Effect levels were reported by 
HR with 95% CIs. We included variables scored p values 
≤0.2 during bivariate analysis and clinically or epidemio-
logically relevant. We considered death as failure event 
to estimate the effects of different variables on death, 
while treatment failure and success were considered as 
competing risks. Similarly, we considered treatment 
failure as failure event to estimate the effects of different 
variables on the duration from treatment enrolment to 
treatment failure, whereas death and treatment success 
were considered as competing risks. Lost to follow-up was 
considered as a censored across the fitted models. Level 
of significance was set at 5% for all analysis.

Patient and public involvement
Both patient and public were not involved in this study.
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RESULTS
Participants’ characteristics
A total of 4419 patients were enrolled to MDR-TB treat-
ment in 42 of 53 (79.2%) TICs in Ethiopia from February 
2009 to February 2019 (figure 1). Of the 4419 patients, 
3395 (76.8%) fulfilled our inclusion criteria and enrolled 
to this study (figure 1).

The highest number of patients enrolled into the 
treatment was in 2015 (667 patients), while in 2019 the 
smallest number of patients were registered (only 4 
patients; figure 2).

Of the 3395 patients included into this study, 1870 
(55.1%) were male and the mean age was 31.6 (SD ±11.7) 
years with the age range of 15–85 years. Seventy-two per 
cent of the patients were in the age category of 15–35 years 
(table 1). Ninety-three per cent of the participants were 
patients with pulmonary TB (table 1). Eighty-six per cent 
of the patients had previous TB treatment. Drug resis-
tance status of 3242 (95.5%) isolates were bacteriologi-
cally confirmed at the initiation of treatment (table 1). 

The main drug resistance diagnosis method was GeneX-
pert MTB/RIF (57.9%). Of the 3395 patients, 1421 
(41.9%) had previous exposure to SLDs and 767 (22.6%) 
were HIV-infected (table 1) of which 686 (89.4%) were on 

Figure 1  TICs and patients’ inclusion flow diagram. MDR-
TB, multidrug-resistant tuberculosis; TICs, treatment-initiating 
centres.

Figure 2  Patient enrolment into MDR-TB treatment in 
past 10 years in Ethiopia (2009–2019). MDR-TB, multidrug-
resistant tuberculosis.

Table 1  Demographic and clinical characteristics of the 
patients (n=3395)

Variable n (%)

Sex Male 1870 (55.1)

 �  Female 1525 (44.9)

Age (in years) 15–25 1268 (37.3)

 �  26–35 1186 (34.9)

 �  36–45 529 (15.6)

 �  ≥46 412 (12.1)

Drug resistance type Rifampin/Isoniazid(RIF/INH) 
status unknown

1810 (53.3)

 �  MDR-TB 1585 (46.7)

Anatomical site of TB Pulmonary 3171 (93.4)

 �  Extra-pulmonary 224 (6.6)

Previous TB treatment New 462 (13.6)

 �  Previously treated 2933 (86.4)

Previous exposure to 
SLDs

Yes 1421 (41.9)

 �  No 1842 (54.3)

 �  Unknown 132 (3.9)

Drug resistance 
identification method

GeneXpert MTB/RIF 1967 (57.9)

 �  Culture/LPA 1275 (37.6)

 �  Clinical 153 (4.5)

Diagnosis method Bacteriological 3242 (95.5)

 �  Clinical 153 (4.5)

HIV infection Not infected 2554 (75.2)

 �  Infected 767 (22.6)

 �  Unknown 74 (2.2)

ART status Not applicable 2556 (75.3)

 �  On ART 686 (20.2)

 �  HIV status known but, ART 
status unknown

79 (2.3)

 �  Both ART and HIV statuses 
unknown

74 (2.2)

Contact history of 
patient with MDR-TB

Yes 204 (6.0)

 �  No 1511 (44.5)

 �  Unknown 1680 (49.5)

Hospitalisation history 
at treatment initiation

Hospitalised 1831 (53.9)

 �  Not hospitalised 487 (14.3)

 �  Unknown 1077 (31.7)

Treatment interruption Never interrupted/
interruption status unknown

3192 (94.0)

 �  At least 1 day interrupted 203 (6.0)

ART, antiretroviral therapy; LPA, line probe assay; MDR, multidrug-
resistant; SLDs, second-line drugs; TB, tuberculosis.
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ART. Only 6.0% of the patients had previous contact with 
a patient having MDR-TB and 1831 (53.9%) of patients 
were hospitalised at the treatment initiation (table 1) with 
mean duration of hospitalisation 81.7 (±47.4) days.

Drug resistance status at treatment initiation
Drug susceptibility testing was performed for four first-
line drugs which are rifampin, isoniazid, ethambutol and 
streptomycin (table  2). Rifampin susceptibility test was 
performed on isolates of all the patients included into 
this study and 99.3% of isolates demonstrated resistance 
to the therapy (table 2).

Table  3 depicts the distribution of treatment 
outcome categories by sociodemographic and clinical 

characteristics. Of 1585 patients whose isolates were resis-
tant to rifampin and isoniazid (MDR-TB), 793 (50.0%) 
cured, while 180 (11.4%) died and the treatment of 24 
(1.5%) patients were failed. Treatment failure was almost 
10 times higher in patients who had previous TB treat-
ment (21.7%), than those who were never treated (2.2%). 
Moreover, mortality was two times higher in patients who 
were HIV-infected (21.3%) than those who were HIV 
non-reactive (10.2%).

Treatment outcome
Of the 3395 patients enrolled into this study, 1845 (40.0%) 
were cured, 720 (35.7%) completed the treatment, 431 
(12.8%) died, 333 (9.7%) were lost to follow-up and 
the treatment of 66 (1.7%) patients failed (figure  3). 
The overall treatment success (cured plus treatment 
completed) was 2565 (75.7%), whereas the overall unsuc-
cessful treatment outcome (the sum of lost to follow-up, 
treatment failed and death) was 830 (24.3%).

Predictors of treatment failure and death
Bivariate analysis
In the current competing risk survival analysis model, 
failure events were treatment success (2565), treat-
ment failure (66) and death (431). To the contrary, 333 
(9.7%) lost to follow-up were considered as censored. In 
the bivariate competing risk survival analysis model, old 
age (unadjusted hazard ratio (UHR)=1.03; 95% CI 1.04 
to 1.05; p<0.001), HIV infection (UHR=2.2; 95% CI 1.8 

Table 2  Antituberculosis drug susceptibility test results

Antituberculosis 
drug

Susceptibility test 
results n (%)

Rifampin (n=3395) Resistant 3371 (99.3)

 �  Susceptible 24 (0.7)

Isoniazid (n=1313) Resistant 1241 (94.5)

 �  Susceptible 72 (5.5)

Ethambutol (n=427) Resistant 299 (70.0)

 �  Susceptible 128 (30.0)

Streptomycin (n=443) Resistant 337 (76.1)

 �  Susceptible 106 (23.9)

Table 3  Demographic and clinical characteristics distribution of treatment outcome

Variables

Treatment outcome n (%)

P valueCured Completed
Treatment 
success Failed Death LTFU

Sex Male 1006 (53.8) 376 (20.1) 1382 (73.9) 40 (2.1) 245 (13.1) 203 (10.9)

 �  Female 839 (55.0) 344 (22.6) 1183 (77.6) 26 (1.7) 186 (12.2) 130 (8.5) 0.071

Resistance 
type

RR/INH status 
unknown

1052 (58.1) 274 (15.1) 1326 (73.2) 42 (2.3) 251 (13.9) 191 (10.6)

 �  MDR 793 (50.0) 446 (28.1) 1239 (78.1) 24 (1.5) 180 (11.4) 142 (9.0) <0.001

Anatomical 
site

EPTB 50 (22.3) 125 (55.8) 173 (78.1) 4 (1.8) 20 (8.9) 25 (11.2)

 �  PTB 1795 (56.6) 595 (18.8) 2390 (75.4) 62 (2.0) 411 (13.0) 308 (9.7) <0.001

Previous TB 
treatment

New 243 (52.6) 83 (18.0) 326 (70.6) 10 (2.2) 75 (16.2) 51 (11.0)

 �  Previously treated 1602 (54.6) 637 (21.7) 2239 (76.3) 56 (21.7) 356 (12.1) 282 (9.6) 0.057

Diagnosis 
method

Bacteriological 1771 (54.6) 686 (21.2) 5457 (75.8) 64 (2.0) 409 (12.6) 313 (9.7)

 �  Clinical 74 (48.7) 34 (22.4) 108 (71.1) 2 (1.3) 22 (14.5) 20 (13.2) 0.466

HIV status Non-reactive 1429 (56.0) 561 (22.0) 1990 (78.0) 48 (1.9) 261 (10.2) 255 (10.0)

 �  Reactive 378 (49.3) 141 (18.4) 519 (67.7) 17 (2.2) 163 (21.3) 68 (8.9) <0.001

Anaemia None anaemic 880 (55.0) 380 (23.8) 1260 (78.8) 29 (1.8) 150 (9.4) 161 (10.1)

 �  Any grade of 
anaemia present

965 (53.8) 340 (18.9) 1305 (72.7) 37 (2.1) 281 (15.7) 172 (9.6) <0.001

EPTB, extra-pulmonary tuberculosis; LFTU, loss to follow-up; MDR, multidrug-resistant; PTB, pulmonary tuberculosis; TB, tuberculosis.
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to 2.7; p<0.001) and presence of any grade of anaemia 
(UHR=1.7; 95% CI 1.4 to 2.1; p<0.001) were significantly 
associated with death (table 4). Moreover, having previous 
TB treatment (UHR=0.71; 95% CI 0.56 to 0.92; p=0.009) 
and presence of rifampin-resistant bacilli (UHR=1.3; 
95% CI 1.03 to 1.5; p=0.022) were significantly associ-
ated with death (table 4). However, none of the variables 
assessed had shown significant association with treatment 
failure (table 4).

Multivariable analysis
In multivariable analysis, older age (adjusted hazard ratio 
(AHR)=1.03; 95% CI 1.03 to 1.05; p<0.001), HIV infection 
(AHR=2.0; 95% CI 1.6 to 2.4; p<0.001) and presence of 

any grade anaemia (AHR=1.7; 95% CI 1.4 to 2.0; p<0.001) 
were significantly associated with death (table  5). All 
variables included into multivariable competing risk 
survival analysis model were not significantly associated 
with treatment failure (table 5). Although the presence 
of rifampin-resistant bacilli and having previous TB treat-
ment were significantly associated with death in the unad-
justed analysis, they failed to significantly associate in the 
adjusted analysis.

DISCUSSION
This study aimed to determine the proportion of national 
treatment success rate and predictors of treatment failure 
and death in patients treated for MDR-TB in Ethiopia in 
the past 10 years. We have found that 75.7% of patients 
with MDR-TB were successfully treated; whereas, 12.8% 
died, 9.7% lost to follow-up and the treatment of 1.7% 
patients failed. The proportion of the patients registered 
for MDR-TB treatment has shown increasing trend from 
2009 and the maximum proportion (19.6%) was regis-
tered in 2015. However, the proportion of patients regis-
tered for the treatment has decreased after 2015 and 
the minimum patients were registered in 2019. Old age, 
HIV infection and any grade of anaemia were significant 
predictors of death in patients treated for MDR-TB in 
this study. However, none of the variables included into 
the multivariable model were able to significantly predict 
treatment failure.

This study indicates that the proportion of treatment 
enrolment after 2015 has decreased and the lowest 

Figure 3  MDR-TB treatment outcomes in past 10 years 
in Ethiopia (2009–2019). LTFU, loss to follow-up; MDR-TB, 
multidrug-resistant tuberculosis.

Table 4  Predictors of duration from treatment initiation to death and treatment failure in patients treated for MDR-TB in 
Ethiopia, 2009–2019 (unavailable model)

Variable

Death Treatment failure

UHR (95% CI) P value UHR (95% CI) P value

Sex Female 1.00 1.00

 �  Male 1.1 (0.89 to 1.3) 0.436 1.3 (0.78 to 2.1) 0.335

Age (year)  �  1.03 (1.04 to 1.05) <0.001 0.98 (0.96 to 1.0) 0.122

Anatomical site Extra-pulmonary 1.00 1.00

 �  Pulmonary 1.5 (0.94 to 2.3) 0.094 1.1 (0.40 to 3.0)

Drug resistance type MDR 1.00 1.00

 �  RR/INH status unknown 1.3 (1.03 to 1.5) 0.022 1.6 (0.95 to 2.6) 0.080

Previous treatment New 1.00 1.00

 �  Previously treated 0.71 (0.56 to 0.92) 0.009 0.86 (0.44 to 1.7) 0.668

Diagnosis method Bacteriological 1.00 1.00

 �  Clinical 1.2 (0.76 to 1.8) 0.468 0.68 (0.17 to 2.8) 0.589

HIV status Non-reactive 1.00 1.00

 �  Reactive 2.2 (1.8 to 2.7) <0.001 1.2 (0.68 to 2.1) 0.548

Anaemia status Absent 1.00 1.00

 �  Any grade of anaemia present 1.7 (1.4 to 2.1) <0.001 1.1 (0.70 to 1.9) 0.592

MDR, multidrug-resistant; TB, tuberculosis; UHR, unadjusted hazard ratio.
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number of cases were recorded in 2019. We do not think 
that the MDR-TB incidence decreased importantly, and we 
therefore think that there might have been registration-
related problems as the result of decentralisation of TB 
care to the communities. As patients included into this 
study were those who had final treatment outcome results, 
enrolment of patients in 2018 and 2019 is expectedly low 
as they were still on treatment.

In this study, treatment success proportion in patients 
with MDR-TB who received a standardised long regimen 
was higher than the treatment success rate previously 
reported from other settings including from Ethi-
opia.19 20 30 For instance, a recent study reported from 
Morocco indicated that only 53.4% of patients with 
MDR-TB were treated successfully.30 In addition, a study 
reported from Armenia shows that <50% of patients with 
MDR-TB were successfully treated.20 A recent review study 
shows that pooled data from different settings have also 
shown lower treatment success rate than our findings.31 
These differences originate most likely from the differ-
ences in the quality of TB control programme, sample 
size, severity of the disease at diagnosis, TB/HIV co-in-
fection burden, treatment regimens and study period. 
A previous study conducted in Ethiopia in two TICs27 
reported very similar treatment success rate with our 
finding (78.6% vs 75.7%).

The proportion of death in this study was considerably 
higher and it was similar with previously reported find-
ings.19 27 Case in point, the proportion of patients who 
died in our study was more than double compared with 
the mortality proportion reported from Morocco (5% 
vs 12.7%).30 This difference is most probably due to the 
difference in the study period, quality of care, treatment 

regimens and severity of the disease during treatment 
initiation.

Our study finding shows that older age is significantly 
associated with death from MDR-TB. In agreement with 
this finding, it is well documented that MDR-TB mortality 
is higher in older age group.32–34 Thus, particular atten-
tion has to be given to older patients to reduce mortality 
related to TB. A previous study has shown that younger 
age is significantly associated with poor treatment 
outcome than older age.35 This difference could probably 
be due to the age variation in the included patients and 
the difference in the severity of the disease at treatment 
initiation.

In this study, as in several previous studies,19 25–27 35 HIV 
infection was significantly associated with death. Despite 
the proportion of patients who were not on ART was 
low (of HIV-infected patients only 4.5 %), the hazard 
of death was 2.0 times higher in HIV-infected patients. 
The possible explanation for the significant effect of 
HIV status on mortality in patients on MDR-TB treat-
ment could be due to low CD4 count, high viral load and 
severity of the disease at treatment initiation. However, 
since data on CD4 count, HIV viral load level and disease 
severity status at enrolment were not registered in our 
data sources, we were not able to verify their effects on 
MDR-TB treatment outcome. Furthermore, a previous 
study indic ated that a combined anti-TB and anti-HIV 
treatment has been proven to improve treatment success 
in co-infected patients.36

In this study, the presence of any grade of anaemia was 
significantly associated with death due to MDR-TB. This 
finding is similar with a previous study reported from 
Ethiopia in which the hazard of poor treatment outcome 

Table 5  Predictors of duration from treatment initiation to death and treatment failure in patients treated for MDR-TB in 
Ethiopia, 2009–2019 (multivariate model)

Variable

Death Treatment failure

AHR (95% CI) P value AHR (95% CI) P value

Sex Female 1.00 1.00

 �  Male 0.92 (0.75 to 1.1) 0.397 1.3 (0.82 to 2.2) 0.248

Age (year)  �  1.04 (1.03 to 1.05) <0.001 0.98 (0.96 to 1.0) 0.077

Anatomical site Extra-pulmonary TB 1.00 1.00

 �  Pulmonary TB 1.4 (0.91 to 2.2) 0.126 1.1 (0.39 to 3.0) 0.878

Drug resistance type MDR 1.00 1.00

 �  RR/INH status unknown 1.2 (0.98 to 1.5) 0.083 1.7 (0.98 to 2.8) 0.060

Previous treatment New 1.00 1.00

 �  Previously treated 0.79 (0.61 to 1.0) 0.083 0.98 (0.49 to 1.9) 0.947

HIV status Non-reactive 1.00 1.00

 �  Reactive 2.0 (1.6 to 2.4) <0.001 1.3 (0.72 to 2.2) 0.425

Anaemia status Absent 1.00 1.00

 �  Anaemia present 1.7 (1.4 to 2.0) <0.001 1.1 (0.66 to 1.8) 0.767

AHR, adjusted hazard ratio; MDR, multidrug-resistant; TB, tuberculosis.
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was 4.2 times higher in the patients who had any grade 
of anaemia at treatment initiation than those who were 
non-anaemic.19 The presence of anaemia at the treat-
ment initiation might be due to parasitic infections and 
some other chronic diseases. This finding highlights the 
importance of haemoglobin monitoring in patients with 
MDR-TB on treatment to increase treatment success and 
decrease mortality.

In this study, none of the variables included into the 
multivariable model were significantly associated with 
treatment failure. The absence of significant association 
between the variables and treatment failure could be due 
to the number of treatment failure events that was much 
smaller than the competing risks, that is, death and treat-
ment success.

The main limitation of this study is the retrospective 
nature of the study design. Data on sociodemographic, 
behavioural, adverse drug reactions, key laboratory vari-
ables and treatment adherence status were missing for 
the majority of the patients; hence, these variables were 
excluded from the analysis. This limited us to further 
explore the predictors of treatment failure and death. 
Thus, the predictors of death may not be limited to 
the factors presented in this study. Moreover, lack of 
important variables could have resulted in an underesti-
mation/overestimation of the effects of the investigated 
variables in the model such as age, HIV status, previous 
TB treatment on the treatment failure and death. The 
final treatment outcome of 759 patients was also not 
obtained and the patients were excluded from the anal-
ysis. This might have overestimated the treatment success 
rate in this study. A prospective study that could capture 
all these uninvestigated variables is important to deter-
mine predictors of treatment failure and death.

The findings of this study have clearly indicated the 
message for TB control programme efforts. Although 
treatment success rate is well achieved, mortality in this 
study is considerable and hence should be addressed by 
the TB programme. HIV infection is one of the strong 
predictors of death in patients with MDR-TB. Taking in 
consideration of HIV-infected patients with MDR-TB 
and immediate commencement of anti-TB treatment 
together with ART is the mechanism to improve the treat-
ment success in patients with MDR-TB. Moreover, our 
result indicates that special attention should be given to 
the patients who have anaemia at treatment initiation to 
improve their treatment outcome. Strengthening and 
standardising information registration on MDR-TB treat-
ment is crucial to facilitate further data analysis which is 
important to monitor the status of treatment outcome.

Conclusion
In the past 10 years, MDR-TB treatment in Ethiopia has 
been successful. However, the proportion of patients who 
died is considerable, and it could be reduced through 
providing special attention to HIV-infected and anaemic 
patients. Further prospective cohort study is required to 
explore other predictors of treatment failure and death.

Acknowledgements  We acknowledge the Tehran University of Medical Sciences 
(TUMS) and the Ethiopian Public Health Institute (EPHI) for funding this study. We 
also thank EPHI, National Tuberculosis Laboratory and all DR-TB treatment centre 
staff members for their co-operation during the data collection process. We also 
acknowledge all patients whose data were used in this study.

Contributors  HT and KH-N conceived and designed the study; HT, DFG, ET, ZM 
and MMS collected the data; HT, MAM and MY analysed and interpreted the data; 
HT drafted the manuscript. All authors have critically reviewed and approved the 
manuscript for submission.

Funding  This study was supported by Tehran University of Medical Sciences and 
Ethiopian Public Health Institute.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not required.

Ethics approval  This study was approved by the research Ethics Review Board 
of Tehran University of Medical Sciences (IR.TUMS.SPH.REC.1396.4287), Ethiopian 
Public Health Institute (EPHI-IRB-065-2017), St Peter’s Specialised Hospital 
(V81622018) and Armauer Hansen Research Institute (PO13/18). We also obtained 
a waiver of informed consent from each review board. To maintain confidentiality, 
sensitive information that could identify participants was not reported in this study.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. Data 
used in this study are available in corresponding authors and can be accessed on 
reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Habteyes Tola http://​orcid.​org/​0000-​0002-​2889-​956X
Mohammad Ali Mansournia http://​orcid.​org/​0000-​0003-​3343-​2718

REFERENCES
	 1	 World Health Organization. Global tuberculosis report 2020, 

2020: 1–232.
	 2	 Curry International Tuberculosis Center, and California Department 

of Public Health. Drug-resistant tuberculosis: a survival guideline for 
clinicians, 2016.

	 3	 Günther G, Lange C, Alexandru S, et al. Treatment outcomes 
in multidrug-resistant tuberculosis. N Engl J Med Overseas Ed 
2016;375:1103–5.

	 4	 Lange C, Abubakar I, Alffenaar J-WC, et al. Management of patients 
with multidrug-resistant/extensively drug-resistant tuberculosis in 
Europe: a TBNET consensus statement. Eur Respir J 2014;44:23–63.

	 5	 Pontali E, Visca D, Centis R, et al. Multi and extensively drug-
resistant pulmonary tuberculosis: advances in diagnosis and 
management. Curr Opin Pulm Med 2018;24:244–52.

	 6	 Collaborative Group for the Meta-Analysis of Individual Patient Data 
in MDR-TB treatment–2017, Ahmad N, Ahuja SD, et al. Treatment 
correlates of successful outcomes in pulmonary multidrug-resistant 
tuberculosis: an individual patient data meta-analysis. Lancet 
2018;392:821–34.

	 7	 Yu M-C, Chiang C-Y, Lee J-J, et al. Treatment outcomes of 
multidrug-resistant tuberculosis in Taiwan: tackling loss to follow-up. 
Clin Infect Dis 2018;67:202–10.

	 8	 Leveri TH, Lekule I, Mollel E, et al. Predictors of treatment outcomes 
among multidrug resistant tuberculosis patients in Tanzania. Tuberc 
Res Treat 2019;2019:1–10.

	 9	 Woldeyohannes D, Assefa T, Aman R, et al. Predictors of time to 
unfavorable treatment outcomes among patients with multidrug 
resistant tuberculosis in Oromia region, Ethiopia. PLoS One 
2019;14:e0224025.

	10	 Javaid A, Ullah I, Masud H, et al. Predictors of poor treatment 
outcomes in multidrug-resistant tuberculosis patients: a retrospective 
cohort study. Clin Microbiol Infect 2018;24:612–7.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2889-956X
http://orcid.org/0000-0003-3343-2718
http://dx.doi.org/10.1056/NEJMc1603274
http://dx.doi.org/10.1183/09031936.00188313
http://dx.doi.org/10.1097/MCP.0000000000000477
http://dx.doi.org/10.1016/S0140-6736(18)31644-1
http://dx.doi.org/10.1093/cid/ciy066
http://dx.doi.org/10.1155/2019/3569018
http://dx.doi.org/10.1155/2019/3569018
http://dx.doi.org/10.1371/journal.pone.0224025
http://dx.doi.org/10.1016/j.cmi.2017.09.012


9Tola H, et al. BMJ Open 2021;11:e040862. doi:10.1136/bmjopen-2020-040862

Open access

	11	 Aibana O, Bachmaha M, Krasiuk V, et al. Risk factors for poor 
multidrug-resistant tuberculosis treatment outcomes in Kyiv Oblast, 
Ukraine. BMC Infect Dis 2017;17:129.

	12	 Ketema DB, Muchie KF, Andargie AA. Time to poor treatment 
outcome and its predictors among drug-resistant tuberculosis 
patients on second-line anti-tuberculosis treatment in Amhara 
region, Ethiopia: retrospective cohort study. BMC Public Health 
2019;19:1481.

	13	 Samuels JP, Sood A, Campbell JR. Comorbidities and treatment 
outcomes in multidrug resistant tuberculosis: a systematic review 
and meta-analysis. Sci Rep 2018;2018:4980.

	14	 Tola HH, Holakouie-Naieni K, Mansournia MA, et al. Intermittent 
treatment interruption and its effect on multidrug resistant 
tuberculosis treatment outcome in Ethiopia. Sci Rep 2019;9:20030.

	15	 Kang YA, Kim SY, Jo K-W, et al. Impact of diabetes on treatment 
outcomes and long-term survival in multidrug-resistant tuberculosis. 
Respiration 2013;86:472–8.

	16	 Dooley KE, Tang T, Golub JE, et al. Impact of diabetes mellitus on 
treatment outcomes of patients with active tuberculosis. Am J Trop 
Med Hyg 2009;80:634–9.

	17	 Samuel B, Volkmann T, Cornelius S, et al. Relationship between 
nutritional support and tuberculosis treatment outcomes in West 
Bengal, India. J Tuberc Res 2016;4:213–9.

	18	 Milanov V, Falzon D, Zamfirova M, et al. Factors associated 
with treatment success and death in cases with multidrug-
resistant tuberculosis in Bulgaria, 2009-2010. Int J Mycobacteriol 
2015;4:131–7.

	19	 Alene KA, Viney K, McBryde ES, et al. Treatment outcomes in 
patients with multidrug-resistant tuberculosis in north-west Ethiopia. 
Trop Med Int Health 2017;22:351–62.

	20	 Bastard M, Sanchez-Padilla E, Hewison C, et al. Effects of treatment 
interruption patterns on treatment success among patients with 
multidrug-resistant tuberculosis in Armenia and Abkhazia. J Infect 
Dis 2015;211:1607–15.

	21	 Podewils LJ, Gler MTS, Quelapio MI, et al. Patterns of treatment 
interruption among patients with multidrug-resistant TB (MDR TB) 
and association with interim and final treatment outcomes. PLoS 
One 2013;8:e70064.

	22	 Ahuja SD, Ashkin D, Avendano M, et al. Multidrug resistant 
pulmonary tuberculosis treatment regimens and patient outcomes: 
an individual patient data meta-analysis of 9,153 patients. PLoS Med 
2012;9:e1001300.

	23	 Umanah T, Ncayiyana J, Padanilam X, et al. Treatment outcomes in 
multidrug resistant tuberculosis-human immunodeficiency virus co-
infected patients on anti-retroviral therapy at Sizwe tropical disease 
Hospital Johannesburg, South Africa. BMC Infect Dis 2015;15:478.

	24	 Chen Y, Yuan Z, Shen X, et al. Time to multidrug-resistant 
tuberculosis treatment initiation in association with treatment 
outcomes in Shanghai, China. Antimicrob Agents Chemother 
2018;62:e02259–17.

	25	 Kliiman K, Altraja A. Predictors of poor treatment outcome in 
multi- and extensively drug-resistant pulmonary TB. Eur Respir J 
2009;33:1085–94.

	26	 Girum T, Muktar E, Lentiro K, et al. Epidemiology of multidrug-
resistant tuberculosis (MDR-TB) in Ethiopia: a systematic review 
and meta-analysis of the prevalence, determinants and treatment 
outcome. Trop Dis Travel Med Vaccines 2018;4:5.

	27	 Meressa D, Hurtado RM, Andrews JR, et al. Achieving high treatment 
success for multidrug-resistant TB in Africa: initiation and scale-up 
of MDR TB care in Ethiopia—an observational cohort study. Thorax 
2015;70:1181–8.

	28	 World Health Organization. WHO consolidated guidelines on drug-
resistant tuberculosis treatment. Geneva, Switzeland, 2019.

	29	 Federal Democratic Republic of Ethiopia Ministry of Health. 
Guidelines for management of TB, DR-TB and leprosy in Ethiopia. 6th 
edn. Ethiopia: Addis Ababa, 2018.

	30	 El Hamdouni M, Bourkadi JE, Benamor J, et al. Treatment outcomes 
of drug resistant tuberculosis patients in Morocco: multi-centric 
prospective study. BMC Infect Dis 2019;19:316.

	31	 Bastos ML, Lan Z, Menzies D. An updated systematic review and 
meta-analysis for treatment of multidrug-resistant tuberculosis. Eur 
Respir J 2017;49:1600803.

	32	 Li J, Li T, Du X, et al. The age-structured incidence and mortality 
of pulmonary tuberculosis reported in China, in 2005–15: a 
longitudinal analysis of national surveillance data. Lancet 
2017;390:S12.

	33	 Chingonzoh R, Manesen MR, Madlavu MJ, et al. Risk factors for 
mortality among adults registered on the routine drug resistant 
tuberculosis reporting database in the Eastern Cape Province, South 
Africa, 2011 to 2013. PLoS One 2018;13:e0202469.

	34	 Gayoso R, Dalcolmo M, Braga JU, et al. Predictors of mortality in 
multidrug-resistant tuberculosis patients from Brazilian reference 
centers, 2005 to 2012. Braz J Infect Dis 2018;22:305–10.

	35	 Nair D, Velayutham B, Kannan T, et al. Predictors of unfavourable 
treatment outcome in patients with multidrug-resistant tuberculosis 
in India. Public Health Action 2017;7:32–8.

	36	 Yuengling KA, Padayatchi N, Wolf A, et al. Effect of antiretroviral 
therapy on treatment outcomes in a prospective study of extensively 
drug-resistant tuberculosis (XDR-TB) HIV coinfection treatment 
in KwaZulu-Natal, South Africa. Acquir Immune Defic Syndr 
2018;79:474–80.

http://dx.doi.org/10.1186/s12879-017-2230-2
http://dx.doi.org/10.1186/s12889-019-7838-2
http://dx.doi.org/10.1038/s41598-019-56553-1
http://dx.doi.org/10.1159/000348374
http://dx.doi.org/10.4269/ajtmh.2009.80.634
http://dx.doi.org/10.4269/ajtmh.2009.80.634
http://dx.doi.org/10.4236/jtr.2016.44023
http://dx.doi.org/10.1016/j.ijmyco.2015.03.005
http://dx.doi.org/10.1111/tmi.12826
http://dx.doi.org/10.1093/infdis/jiu551
http://dx.doi.org/10.1093/infdis/jiu551
http://dx.doi.org/10.1371/journal.pone.0070064
http://dx.doi.org/10.1371/journal.pone.0070064
http://dx.doi.org/10.1371/journal.pmed.1001300
http://dx.doi.org/10.1186/s12879-015-1214-3
http://dx.doi.org/10.1128/AAC.02259-17
http://dx.doi.org/10.1183/09031936.00155708
http://dx.doi.org/10.1186/s40794-018-0065-5
http://dx.doi.org/10.1136/thoraxjnl-2015-207374
http://dx.doi.org/10.1186/s12879-019-3931-5
http://dx.doi.org/10.1183/13993003.00803-2016
http://dx.doi.org/10.1183/13993003.00803-2016
http://dx.doi.org/10.1016/S0140-6736(17)33150-1
http://dx.doi.org/10.1371/journal.pone.0202469
http://dx.doi.org/10.1016/j.bjid.2018.07.002
http://dx.doi.org/10.5588/pha.16.0055
http://dx.doi.org/10.1097/QAI.0000000000001833

	National treatment outcome and predictors of death and treatment failure in multidrug-­resistant tuberculosis in Ethiopia: a 10-­year retrospective cohort study
	Abstract
	Background﻿﻿
	Materials and methods
	Study setting, population and design
	Inclusion and exclusion criteria
	Laboratory test
	Treatment
	Data collection
	Definitions
	Data analysis
	Patient and public involvement

	Results
	Participants’ characteristics
	Drug resistance status at treatment initiation
	Treatment outcome
	Predictors of treatment failure and death
	Bivariate analysis
	Multivariable analysis


	Discussion
	Conclusion

	References


