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A B S T R A C T

Objective: To assess poor treatment outcomes and their predictors among drug-resistant tuberculosis
patients treated in Ethiopia.
Methods: Data were searched from both electronic databases and other sources. From the whole search,
404 articles were reviewed and 17 articles that fulfilled the inclusion criteria were included in the
analysis. Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist was followed
and Joanna Briggs Institute Critical Appraisal checklist was used for assessing the quality. Risk of bias was
assessed using forest plot and Egger's regression test. Data were analyzed using STATA version 15 and
Review Manager Software version 5.3.
Results: The overall pooled proportion of poor treatment outcome and mortality was 17.86% and 15.13%
respectively. The incidence density rate of poor treatment outcome and mortality was 10.41/1000
person-months and 9.28/1000 person-months respectively. Survival status and successful treatment
outcomes were 76.97% and 63.82% respectively. HIV positivity, non-HIV comorbidities, clinical
complications, extrapulmonary involvement, undernutrition, anemia, treatment delay, lower body
weight, and older age were the predictors of poor treatment outcome.
Conclusion: Better survival and treatment success rates were noted in Ethiopia as compared to the global
average. The majority of the poor treatment outcomes occurred within the intensive phase. Early
initiation of anti-tuberculosis treatment would be important for successful treatment outcomes.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Introduction

The emergence of drug resistant tuberculosis (DR-TB) is
becoming a major global challenge (WHO, 2018). Drug-resistant
tuberculosis is caused by Mycobacterium bacteria that are resistant
to at least one first-line anti-TB drug (WHO, 2014). Currently, DR-
TB is becoming worse through the development of resistance to
more anti-TB drugs. Increasing incidence of multidrug-resistant
tuberculosis (MDR-TB) and extensively drug-resistant tuberculosis
Abbreviations: BMI, body mass index; DR-TB, drug-resistant tuberculosis; EPTB,
extrapulmonary tuberculosis; HIV, human immunodeficiency virus; MDR-TB, multi
drug-resistant tuberculosis; PM, person months; PTB, pulmonary tuberculosis; RR-
TB, rifampicin resistant tuberculosis; TIC, treatment initiative centers; TB,
Tuberculosis; XDR-TB, extensively drug-resistant tuberculosis.
* Corresponding author.
E-mail addresses: ayinalemal@gmail.com (A. Alemu), zedo2015@gmail.com

(Z.W. Bitew), teshager.kassie@gmail.com (T. Worku).
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(XDR-TB) is a major concern for TB control programs (Seung et al.,
2015). Multidrug-resistant TB is resistant to at least isoniazid and
rifampicin, whereas XDR-TB is MDR-TB, plus any fluoroquinolones
and at least one of the injectable second-line drugs (WHO, 2014). In
2018, there were an estimated 484,000 MDR/RR-TB incident cases
worldwide, with an estimated 3.4% of new cases and 18% of
previously treated cases (WHO, 2019).

The major challenge of MDR-TB is its treatment, where treating
and curing patients is more complicated (Karagöz et al., 2009;
Chung-Delgado et al., 2015). The treatment takes a long time and it
is mostly individualized, and relies on the patient's condition and
the decision of the clinician (Furin et al., 2016). Unsuccessful and
poor treatment outcome is common among patients treated for
MDR-TB (Bhering et al., 2019; Isaakidis et al., 2013; Javaid et al.,
2018; Ketema et al., 2019). The poor treatment outcome is either
failure in treatment or death during the treatment course (WHO,
2014). Failure in treatment lengthens treatment period, since
people continue to receive the treatment and inappropriate
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management can have life-threatening results (Molie et al., 2019;
Nair et al., 2017). In 2018, there were about 214,000 deaths from
MDR/rifampicin resistant TB (RR-TB) (WHO, 2019). The poor
treatment outcome is the share of different risk factors. Among the
risk factors are being HIV positive, the weight of the patient, age of
the patient, presence of other comorbidities or co-infections,
smoking, alcohol, patient condition, delay to start treatment,
resistance to more than two anti-TB drugs and involvement of TB
outside the lungs are reported (Chung-Delgado et al., 2015; Ketema
et al., 2019; Bajehson et al., 2019; Balabanova et al., 2016;
Chingonzoh et al., 2018; Khan et al., 2015; Farley et al., 2011; Li
et al., 2016; Makhmudova et al., 2019; Kurbatova et al., 2012; Bei
et al., 2018; Alene et al., 2017; Limenih and Workie, 2019;
Woldeyohannes et al., 2019).

Ethiopia is among the high MDR-TB burden countries (WHO,
2019). Based on the WHO 2019 global TB report, 0.71% of new TB
cases and 16% of retreatment TB cases in Ethiopia were estimated
to have MDR/RR-TB (WHO, 2019). Currently, throughout the
country, there are 53 MDR-TB treatment initiative centers (TICs)
that are organized to manage MDR/RR TB patients (Tola et al.,
2019). All MDR/RR TB patients start treatment in these TICs and are
linked to treatment follow-up centers accordingly. The first
programmatic management of MDR-TB started in 2009 at St.
Peter TB Specialized Hospital, followed at Gondar University
Hospital (Alene et al., 2017; Meressa et al., 2015; Federal Ministry
of Health, 2013).

Even though treatments of MDR-TB save the lives of millions
globally, a significant proportion of patients are still dying or have a
poor treatment outcome. It was reported elsewhere that the
majority of deaths and poor treatment outcomes occur during the
first months of the MDR-TB treatment course (Bajehson et al.,
2019; Balabanova et al., 2016; Chingonzoh et al., 2018; Farley et al.,
2011; Kanwal et al., 2017; Schnippel et al., 2015; Dheda et al., 2012;
Jeon et al., 2011); individual studies conducted in Ethiopia also
supported this (Ketema et al., 2019; Alene et al., 2017; Getachew
et al., 2013; Girum et al., 2017; Shimbre et al., 2020; Gebre et al.,
2020; Fantaw et al., 2018). However, there is no comprehensive
Figure 1. Flowchart diagram describing a selection of studies for the systematic review
patients in Ethiopia.
report on the time to poor treatment outcome and its predictors
among patients treated for MDR-TB in Ethiopia. Thus, this
comprehensive systematic review and meta-analysis aimed to
assess time to poor treatment outcome and the predictors among
patients treated for MDR-TB in Ethiopia since 2009. It would help
the national tuberculosis control program to take appropriate
action.

Methods

Search strategy

Three investigators (AA, ZWB, and TW) systematically searched
available articles independently from both electronic databases
and other sources under the guidance of a senior librarian at the
Ethiopian Public Health Institute. The electronic databases used for
article searching were Medline (EBSCOhost), EMBASE (Elsevier),
CINAHL (EBSCOhost), Scopus, PubMed, and Web of Science. The
gray literature searches include; Worldcat, Mednar, Google
Scholar, and Google. Personnel communication was conducted
with primary authors to get full information for unpublished
articles. We used keywords such as treatment outcome AND
(Predictors OR Risk factors OR Determinants) AND (drug-resistant
tuberculosis OR multidrug-resistant tuberculosis OR extensively
drug-resistant tuberculosis) AND patients AND Ethiopia to
construct search string. In the searching process, Boolean
operators; OR, and AND were applied accordingly (see Additional
file 1).

Inclusion criteria

The methodology of this systematic review and meta-analysis
was developed following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) reporting check-
list (Hutton et al., 2015) (see Additional file 2). We used PICOS
(participants, interventions, comparison, outcome, and study
setting) criteria to review the studies. Original studies conducted
 and meta-analysis on poor treatment outcome and its predictors among DR-TB
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in Ethiopia and published in the English language that described
poor treatment outcomes or mortality or the risk factors for poor
treatment outcome or mortality among patients treated for drug-
resistant tuberculosis in Ethiopian were included. Institution-
based cohort studies that reported treatment outcomes of DR-TB
patients treated at treatment initiative centers (TICs) of Ethiopia
were included.

Exclusion criteria

Articles without full document, commentaries, case reports,
case series, proceedings, and not separately reported treatment
outcomes of DR-TB were excluded.

Study selection procedure

Articles extracted from different sources were exported to
EndNote X8 citation manager and duplicates were removed. Two
authors (AA and ZWB) screened the title and abstracts of the
studies with predefined inclusion criteria independently. Two
authors (AA and ZWB) also independently collected full texts and
evaluated the eligibility of them for final inclusion by considering
study subjects, language, study designs, quality, and outcome.
Finally, the third author (TW) reviewed the full texts of the selected
studies. The full texts of eligible articles were assessed for quality
using the Joanna Briggs Institute (JBI) Critical Appraisal tool for
cohort studies (Munn et al., 2019) (see Additional file 3). From a
total of 404 studies identified from the whole search, 57 duplicates
were identified and removed. Then, 347 articles were screened by
Table 1
Characteristics of individual studies on the poor treatment outcome and its predictors am
analysis.

Author Publication
year

Study
period

Country of
study

Place of study 

Fantaw et al. 2018 2013–
2017

Ethiopia Adama & Bishoftu 

Getachew et al. 2013 2009–
2012

Ethiopia Addis Ababa 

Molalign et al. 2015 2011–
2014

Ethiopia Addis Ababa & Gondar

Girum et al. 2017 2013–
2017

Ethiopia Yirgalem & Hossahna 

Gebre et al. 2020 2012–
2017

Ethiopia Diredawa, Hareri & Ada

Woldeyohannes
et al.

2019 2015–
2017

Ethiopia Oromia regional state 

Woya et al. 2019 – Ethiopia Debre Tabor, Gondar &
Markos

Limenih et al. 2019 2015–
2018

Ethiopia Amhara region 

Molie et al. 2019 2009–
2014

Ethiopia Whole country 

Ketema et al. 2019 2010–
2017

Ethiopia Gondar, Boru Meda & D
Markos

Shimbre et al. 2020 2009–
2016

Ethiopia Diredawa, Yirgalem, Ho
Jimma

Abebe et al. 2016 2009–
2015

Ethiopia Addis Ababa 

Alene et al. 2017 2010–
2015

Ethiopia Gondar 

Tola et al. 2019 2009–
2019

Ethiopia Whole country 

Meressa et al. 2015 2012–
2014

Ethiopia Addis Ababa & Gondar

Baye et al. 2017 2012–
2016

Ethiopia Boru Meda 

Tulu et al. 2014 2009–
2010

Ethiopia Addis Ababa 

RC; retrospective cohort.
title and abstract. After screening by title and abstract, 58 studies
were checked for eligibility through full-text assessment. Finally,
17 studies that fulfilled the eligibility criteria were included in the
analysis; the detail is presented using the PRISMA flow diagram
(Figure 1). The period covered by these studies ranges from 2009 to
2019 (Table 1).

Data extraction

Included studies’ characteristics (author, publication year, study
area/region, study period, study design, study population, sample
size, the number of poor treatment outcomes, number of mortality,
the total follow up time, risk factors) and clinical profiles of DR-TB
patients per individual studies were extracted and summarized in
Microsoft Word 2016 (Tables 1–4). The quantitative data were
extracted from the included studies and stored in Microsoft Excel
2016 by two authors (AA and ZWB) independently. Based on the
number of participants included in the individual studies, data
were extracted for a total of 5687 participants.

Laboratory diagnosis and treatment of DT-TB patients

In Ethiopia, there is a National Tuberculosis and Leprosy Control
Program (NTP) under the Ministry of Health that coordinates the
overall TB prevention and control programs across the country. As
we introduced early in the introduction section, there are about 53
TICs in the country that are organized to manage MDR/RR TB
patients. These TICs are referral centers based on their geographi-
cal proximity. In these TICs, there are trained clinicians who
ong DR-TB patients in Ethiopia included in the current systematic review and meta-

Study
design

Study population
by age

Study
setting

Sample
size

Quality
score

RC All Health
facility

164 High

RC All Health
facility

188 High

 RC All Health
facility

342 High

RC All Health
facility

154 High

ma RC All Health
facility

362 High

RC All Health
facility

415 High

 Debre RC All Health
facility

207 High

RC >18yrs Health
facility

311 High

RC All Health
facility

751 High

ebre- RC All Health
facility

508 High

ssahna & RC All Health
facility

462 High

RC �15 Health
facility

306 Medium

RC All Health
facility

242 High

RC �15 Health
facility

407 High

 RC All Health
facility

612 High

RC All Health
facility

90 Medium

RC All Health
facility

166 Medium



Table 2
Clinical profiles of DR-TB patients per individual study on the poor treatment outcome and its predictors among DR-TB patients in Ethiopia included in the current systematic review and meta-analysis.

Author Site of TB Diagnosis DST resistance profile Cases with defined
outcome (n,%)

HIV serostatus Type of comorbidities
(n,%)

Type of clinical
complications (n,%)

Anemia
definition
by Hgb

PTB (n,
%)

EPTB
(n,%)

Both Microbiological
(n,%)

Clinical
(n,%)

Mono (R/H) (n,
%)

R and H (n,%) Resistance
to >2
drugs (n,%)

Positive
(n,%)

Negative
(n,%)

Fantaw et al. 157
(95.7%)

7
(4.3%)

– 163 (99.4%)
Xpert = 81.10%
LPA=18.30%

1 (0.6%) 126 (77%) 35 (21.3%) 2 (1.1%) Cured =103
(62.80%)
Died= 30 (18.29%)
Transferred
out = 22 (13.41%)
Lost to follow-
up=5 (3.05%)
Treatment
completed = 4
(2.43%)

39
(23.78%)

125
(76.22%)

Type 2 DM &
hypertension= 12
(7.31%).

– –

Getachew et al. – – – 188 (100%) – – 64 (34.04%) 124
(65.96%)

Dead=29, (15.43%)
Censored
= 159, (84.57%)

33
(17.55%)

155
(82.45%)

Diabetes mellitus = 5
(2.66%)
Myocardial
infarction = 6 (3.19%)
DM & HTN=3 (1.60%)
Asthma=2 (1.06%)

Pneumothorax= 7
(3.72%)
Pneumonia =8
(4.26%)
Hemoptysis = 3
(1.60%)
Cor Pulmonale = 15
(7.98%)

–

Molalign et al. – – – – – 269 (78.7%) 73 (21.3%) Died= 37 (10.8%)
Censored= 305
(89.2%)

9 (13%) 28 (10%) Commorbidities = (5%)
Diabetes = (3.5%)
Myocardial infarction
or asthma= (1.5%)

Pneumothorax= 7
(2%)
Pneumonia =3
(0.9%)
Hemoptysis = 3
(0.9%)
Hemoptysis = 3
(0.9%)
=8 (2.3%)
Others =8 (2.3%)

–

Girum et al. 144
(93.5%)

5
(3.25)

5
(3.25)

– – R=137 (89%) 15 (9.7%) 2 (1.3%) Cured =39 (25.3%)
Completed= 26
(16.9%)
Died= 13 (8.4%)
Defaulted or lost to
follow up=20
(13%)
Transferred out = 5
(3.2%)
On treatment = 51
(33.1%)

11 (7.1%) 143
(92.9%)

Diabetes = (7.2%).
Hypertension,
epilepsy, Congestive
Heart Failure,
Hepatitis and anemia
in smaller proportion

– –

Gebre et al. 347
(95.86)

4
(1.1%)

11
(3.03)

Smear positive
= 323(89.23%)
Culture
positive = (92.27%)

– 307 (84.81%) 39 (10.77%) 16 (4.42%) Cure/
Complete =180
(49.7%)
Death =55 (15.19%)
Lost to follow-
up=30 (8.29%) =
Transfer out = 14
(3.870%)
On-treatment = 83
(22.93%)

76
(20.99%)

286
(79.0%)

Diabetes mellitus = 11
(50.0%)
Chronic kidney
disease = 4 (18.2%)
Hypertension= 4
(18.2%)
CHF and hepatitis = 1
(4.5%)
Liver disease =1(4.5%)
Epilepsy = 1(4.5%)

Pneumonia =30
(91%)
Pneumothorax= 3
(9%)

–

Woldeyohannes
et al.

407
(98.1%)

8
(1.9%)

– 411 (99.0%)
Xpert = 328

4 (1%) 286 (68.9%) Two drugs = 93
(22.4%)

36 (8.7%) Cured =311 (69.6%)
Completed

77
(18.6%)

336
(81.4%)

- – –
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Table 2 (Continued)

Author Site of TB Diagnosis DST resistance profile Cases with defined
outcome (n,%)

HIV serostatus Type of comorbidities
(n,%)

Type of clinical
complications (n,%)

Anemia
definition
by Hgb

PTB (n,
%)

EPTB
(n,%)

Both Microbiological
(n,%)

Clinical
(n,%)

Mono (R/H) (n,
%)

R and H (n,%) Resistance
to >2
drugs (n,%)

Positive
(n,%)

Negative
(n,%)

(79.0%)
LPA=63 (15.2%)
Culture =7 (1.7%)
Others =17 (4.1%)

treatment =16
(3.6%)
Died= 73 (16.3%)
Treatment
failure = 15 (3.4%)

Woya et al. 170
(85.9%)

28
(14.1)

– – – H=14(6.8%)
R = 79(38.2%)

MDR=84
(40.6%)
INH+RMP=30
(14.5%)

– – 152 (%) 173 (%) Diabetes = 16 (7.7%)
Myocardial
infarction = 4 (1.9%)
Asthma=6 (2.9%)
Others = 3 (1.5%)

Pneumonia =8
(3.9%)
Pneumothorax= 7
(3.4%)
Hemoptysis = 11
(53%)
Corpulmonal = 4
(1.9%)
Other = 5(2.4%)

–

Limenih et al. 262
(84.2%)

49
(15.8)

– – – – – – – 237
(76.2%)

– – –

Molie et al. 751
(100%)

– – Culture and DSTor
Genexpert or LPA

– R=161 (21%) 366 (48.8%) 224
(29.8%)

Unsuccessful = 645
(88.4%)
Successful = 85
(11.6%)

164
(21.8%)

587
(7.2%)

Diabetes mellitus = 26 – –

Ketema et al. 447
(88.0%)

61
(12.0)

– Culture positive
(100%)

– 288 (56.7%) MDR=220
(43.3%)

– – 123
(24.2%)

385
(75.8%)

Diabetes = 16 (3.1%)
CKD=7 (1.4%)
COPD=88(17.32%)
HTN=15 (2.9%)

- <12 g/dl
(F/C),
<13 g/dl
(M)

Shimbre et al. 430
(93%)

16
(3.5%)

16
(3.5%)

Phenotypic or
genotypic
DST=462 (92%)
LPA=7.7%

– R and/or
other = 407
(88%)
H and/or
other = 268
(58%)

– – Cured =236 (51%)
Completed= 70
(15.2%)
Died= 38 (8.2%)
Defaulted = 60
(13%)
Transferred
out = 16 (3.5%)
On treatment = 42
(9.1%)

36
(7.8%)

426
(92.9%)

Diabetic mellitus = 46
(9.9%

- -

Abebe et al. 270
(87.8%)

36
(12.2)

– – – – – – – 93
(30.4%)

213
(69.6%)

– – –

Alene et al. 227
(93.8%)

15
(6.2%)

– Smear
positive =194
(80%)
Culture
positive =131
(54%)

– R=13 (4.6%) – 2 XDR-TB
(0.7%)

Cured =131 (54.1%)
Completed= 23
(9.5%)
Alive = 20 (8.2%)
Transferred out = 6
(2.5%)
Lost to follow-
up=27 (11.1%)
Died= 31 (12.8%)
Treatment failure
= 4 (1.6%)

51
(21.1%)

191
(78.9%)

Diabetes = 5 (2.0%)
Congestive heart
failure = 1 (0.4%)
Hypertension= 1
(0.4%)
Hepatitis = 1 (0.4%)

– <120 g/l

Tola et al. 388
(95.3%)

19
(4.7%)

– 383 (94.1%) 24
(5.9%)

Rifampicin
resistant,
isoniazid status
unknown=286
(70.3%)

97 (23.8%) – Cured =222 (54.5%)
Lost to follow
up=71 (17.4%)
Completed= 55
(13.5%)

84
(20.6%)

317
(77.9%)

– – <11g/dl
(F/C),<13
g/dl (M)
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manage the treatment for MDR/RR TB patients. Besides, in each
health facility and at the district/wereda level, there are TB focal
personnel who communicate and organize referral and linking of
patients with DR-TB to TICs. All DR-TB patients start treatment in
these TICs and are linked to treatment follow-up centers
accordingly. Tuberculosis treatment in Ethiopia, whether first-line
or second-line treatment, is an exempted service.

Across the country, there are more than 300 health facilities
that perform Xpert MTB/RIF assay for the simultaneous detection
of TB and RR-TB. Thought the country, there are 10 TB culture and
DST laboratories that perform DST and follow-up culture for DR-
TB patients. Based on the end TB strategy, first-line DST is
performed for all new TB cases and second-line DST is performed
for all DR-TB cases. The National Tuberculosis Reference
Laboratory under Ethiopian Public Health Institute coordinates
the overall activities of the TB culture and DST laboratories
including training, technical mentorship, and provision of
proficiency testing materials.

PICOS criteria

Participants: Patients with drug-resistant tuberculosis.
Interventions: Anti-tuberculosis treatment.
Comparators: Did not have poor treatment outcome.
Outcomes: Poor treatment outcome/mortality.
Study type: Retrospective cohort studies.
Study setting: Ethiopia.

Risk of bias (quality) assessment

The methodological reputability and quality of the findings of
the included studies were critically evaluated using the quality
assessment tool for cohort studies developed by the Joanna Briggs
Institute (JBI) (Porritt et al., 2014). Two authors (AA and ZWB)
independently assess the quality of studies to minimize bias. The
third author (TW) solved the discrepancies that arose between two
authors who did full-text screening through discussion. We
visually inspected the funnel plot and the statistical significance
of Egger's regression test (P < 0.05) (Egger et al., 1997) was
considered a presence of publication bias.

Data synthesis and statistical analysis

Data that were summarized and stored in Microsoft Excel
2016 were exported to STATA version 15 (StataCorp, 2016) and
Review Manager Software (version 5.3) for analysis (RevMan,
2014). The estimated pooled poor treatment outcome (death
and treatment failure) and mortality rate among patients
infected with DR-TB treated under treatment initiative centers
(TICs) in Ethiopia were determined along with its 95%CI by
assuming the true effect size varies between studies. Also, the
pooled treatment success rate and survival at different months
of the treatment course were determined. The pooled incidence
density rate of poor treatment outcome and mortality was
determined per 1000 person-months (PMs) of follow-up.
Predictors of time to poor treatment outcome and mortality
were assessed. Hazard ratio and relative risk with 95%CI were
determined by assuming the true effect size varies between
studies. The meta-analyses results were presented using a forest
plot. Heterogeneity among studies was examined by using forest
plot and I2 heterogeneity test. The I2 values of 25%, 50%, and 75%
were interpreted as the presence of the low, medium, and high
heterogeneity, respectively. In the current review, for the I2< 50%
and I2> 50% a fixed-effect model and a random effect model were
used for analysis respectively.



Table 3
Variables included per individual study on the poor treatment outcome and its predictors among DR-TB patients in Ethiopia included in the current systematic review and meta-analysis.

Author Fantaw
et al.

Getachew
et al.

Molalign
et al.

Girum
et al.

Gebre
et al.

Woldeyohannes
et al.

Woya
et al.

Limenih
et al.

Molie
et al.

Ketema
et al.

Shimbre
et al.

Abebe
et al.

Alene
et al.

Tola
et al.

Meressa
et al

Baye
et al

Tulu
et al

Variables
included

Poor treatment
outcome

p p p p p p p p p p p p p p p

IDR of poor treatment
p p p p p p p p p p p p

Mortality rate
p p p p p p p p p p p p

IDR of mortality
p p p p p p p p p p

Survival rate 3rd month
p p p p p p

6th month
p p p p p p p

12th month
p p p p p

At the end
p p p p p p p p p

Treatment success rate
p p p p p p p p

Risk factors for poor
treatment outcome

HIV status
p p p p p p p p p p p

Non-HIV
comorbidities

p p p p p p p p

Clinical
complication

p p p p

Site of TB
p p p p p p

BMI
p p p

Anemia
p p p

Treatment
delay

p p

Age in years
p p p p p p

Smoking
p p p p

Treatment
history

p p p p p

Sex
p p p p p p p p p

Residence
p p p

Smear result
p p p p p

Risk factors for time to
poor treatment
outcome

HIV status
p p p p p p

Non-HIV
commorbidities

p p p p p p

Age in a year
p p p p p

Weight in 1 kg
p p

Smoking status
p p p

Clinical
complications

p p p

Resistance to
>2 drugs

p p p p p

Adverse effects
p p p

Site of TB
p p p

Treatment
history

p p p

Substance
abuse

p p p

Sex
p p p

“
p
”: variables included per study.
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Table 4
Incidence of poor treatment outcome and mortality among DR-TB patients in Ethiopia

Author Sample
size

Total follow-up
period

Poor treatment outcome Mortality

Number Proportion with CI IDR with CI Number Proportion with
CI

IDR with
CI

Fantaw et al. 164 2075.868PM 30 18.29(12.37–24.21) 14.45(9.32–19.58) 30 18.29(12.37–24.21) 14.45(9.32–19.58)
Getachew et al. 188 2616.986PMs 29 15.43(10.28–20.58) 11.08(7.07–15.09) 29 15.43(10.28–

20.58)
11.08(7.07–15.09)

Molalign et al. 342 5304.42PMs 37 10.82(7.53–14.11) 6.98(4.74–9.22) 37 10.82(7.53–14.11) 6.98(4.74–9.22)
Girum et al. 154 2238.838PMs 13 8.44(4.05–12.83) 5.81(2.66–8.96) 13 8.44(4.05–12.83) 5.81(2.66–8.96)
Gebre et al. 362 4366.06PMs 55 15.19(11.49–18.89) 12.60(9.29–15.91) 55 15.19(11.49–18.89) 12.60(9.29–15.91)
Woldeyohannes et al. 415 7877PMs 88 21.20(17.26–25.14) 11.17(8.85–13.49) 73 17.59(13.92–21.26) 9.27(7.15–11.39)
Woya et al. 207 6604.749PMs 61 29.47(23.26–

35.68)
9.24(6.93–11.55) 61 29.47(23.26–35.68 9.24(6.93–11.55)

Limenih et al. 311 6531PMs 110 35.37(30.06–40.8) 16.84(13.72–
19.96)

– – –

Molie et al. 751 – 130 17.31(14.61–20.01) – – – –

Ketema et al. 508 8044PM 86 16.93(13.68–20.18) 10.69(8.44–12.94) – – –

Shimbre et al. 462 6715.068PMs 38 8.23(5.72–10.74) 5.66(3.87–7.45) 38 8.23(5.72–10.74) 5.66(3.86–7.46)
Abebe et al. 306 2970.84PMs 46 15.03(11.03–19.03) 15.48(11.04–19.92) 46 15.03(11.03–19.03) 15.48(11.03–

19.93)
Alene et al. 242 4279PMs 35 14.46(10.03–18.89) 8.18(5.48–10.88) 31 12.81(8.60–17.02) 7.24(4.69–9.79)
Tola et al. 407 – – – – – – –

Meressa et al. 612 – 95 15.52(12.66–18.38) – 85 13.90(11.16–16.64) –

Baye et al. 90 – 32 35.56(25.66–
45.46)

– 22 24.40(15.52–
33.28)

–

Tulu et al. 166 – – – – – – –

“–”: Not available.
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Results

Study characteristics

From the whole search, 404 articles were explored and 57
duplicates were removed. Then, 347 articles were screened by title
and abstract. The full-text screening was conducted for 58 articles,
and 17 articles that fulfilled the eligibility criteria were included in
the final analysis (Ketema et al., 2019; Molie et al., 2019; Alene
Figure 2. Forest plot for pooled incidence of poor treat
et al., 2017; Limenih and Workie, 2019; Woldeyohannes et al.,
2019; Tola et al., 2019; Meressa et al., 2015; Getachew et al., 2013;
Girum et al., 2017; Shimbre et al., 2020; Gebre et al., 2020; Fantaw
et al., 2018; Molalign and Wencheko, 2015; Woya et al., 2019;
Abebe et al., 2020; Baye et al., 2018; Tulu and Kahissay, 2014)
(Table 1 and Figure 1). All of the studies were hospital-based
retrospective cohort studies conducted among patients with DR-TB
treated under TICs found in different parts of the country. We
summarized all the variables included, and in which study they
ment outcome among DR-TB patients in Ethiopia.



Figure 3. Funnel plot for pooled incidence of poor treatment outcome among DR-TB patients in Ethiopia.

Figure 4. Forest plot for pooled incidence density rate of poor treatment outcome among DR-TB patients in Ethiopia.
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were included, presented in Table 3. Additionally, the clinical
profiles (comorbidity types, clinical complication types, anatomi-
cal site of infection, diagnostic methods, drug resistance profiles,
HIV serostatus, treatment outcomes and definition of anemia) of
DR-TB patients per individual study were assessed and we
summarized this in detail in Table 2. Among all 17 studies, 12
(Alene et al., 2017; Woldeyohannes et al., 2019; Meressa et al.,
2015; Getachew et al., 2013; Girum et al., 2017; Shimbre et al.,
2020; Gebre et al., 2020; Fantaw et al., 2018; Molalign and
Wencheko, 2015; Woya et al., 2019; Abebe et al., 2020; Baye et al.,
2018) and 15 (Ketema et al., 2019; Molie et al., 2019; Alene et al.,
2017; Limenih and Workie, 2019; Woldeyohannes et al., 2019;
Meressa et al., 2015; Getachew et al., 2013; Girum et al., 2017;
Shimbre et al., 2020; Gebre et al., 2020; Fantaw et al., 2018;
Molalign and Wencheko, 2015; Woya et al., 2019; Abebe et al.,
2020; Baye et al., 2018) studies explored mortality and poor
treatment outcomes, respectively. The incidence density rate of
poor treatment outcome and mortality using the time to an event
(poor treatment outcome or mortality) were explored by 12
(Ketema et al., 2019; Alene et al., 2017; Limenih and Workie, 2019;
Woldeyohannes et al., 2019; Getachew et al., 2013; Girum et al.,
2017; Shimbre et al., 2020; Gebre et al., 2020; Fantaw et al., 2018;
Molalign and Wencheko, 2015; Woya et al., 2019; Abebe et al.,
2020) and 10 (Alene et al., 2017; Woldeyohannes et al., 2019;
Getachew et al., 2013; Girum et al., 2017; Shimbre et al., 2020;
Gebre et al., 2020; Fantaw et al., 2018; Molalign and Wencheko,
2015; Woya et al., 2019; Abebe et al., 2020) studies respectively.

Also, the survival rate at different months of treatment was
described by studies. We summarized the survival rate at three
months, six months, 12 months, and at the end of the treatment
course using data extracted from four, seven, four, and nine studies
respectively. By defining a successful treatment outcome as a



Figure 5. Funnel plot for pooled incidence density rate of poor treatment outcome among DR-TB patients in Ethiopia.

Figure 6. Forest plot for pooled mortality rate among MDR-TB patients in Ethiopia.

Figure 7. Funnel plot for pooled mortality rate among DR-TB patients in Ethiopia.
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Figure 8. Forest plot for pooled incidence density rate of mortality per 1000 PMs among DR-TB patients in Ethiopia.

Figure 9. Funnel plot for pooled incidence density rate of mortality among DR-TB patients in Ethiopia.
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combination of cure rate and treatment completion rate, pooled
successful treatment outcome was estimated from eight studies.
Finally, different risk factors contributing to poor treatment
outcomes and death were extracted from studies and analyzed
accordingly.

The pooled incidence of poor treatment outcome

Among all studies, 15 (Ketema et al., 2019; Molie et al., 2019;
Alene et al., 2017; Limenih and Workie, 2019; Woldeyohannes
et al., 2019; Meressa et al., 2015; Getachew et al., 2013; Girum et al.,
2017; Shimbre et al., 2020; Gebre et al., 2020; Fantaw et al., 2018;
Molalign and Wencheko, 2015; Woya et al., 2019; Abebe et al.,
2020; Baye et al., 2018) and 12 (Ketema et al., 2019; Alene et al.,
2017; Limenih and Workie, 2019; Woldeyohannes et al., 2019;
Getachew et al., 2013; Girum et al., 2017; Shimbre et al., 2020;
Gebre et al., 2020; Fantaw et al., 2018; Molalign and Wencheko,
2015; Woya et al., 2019; Abebe et al., 2020) studies reported
proportion and incidence rate of poor treatment outcome among
patients treated for MDR/RR-TB under TICs in Ethiopia respectively.
The largest sample size (n = 751) was from 14 TICs found in Ethiopia
by Molie et al. (2019), while the smallest sample size was from
Boru Meda hospital in a study done by Baye et al. (2018) (n = 90).
The lowest proportion of poor treatment outcomes among patients
treated for drug-resistant tuberculosis was reported by Shimbre
et al. (2020), which was 8.23%. However, as high as 35.56% of poor
treatment outcomes were reported by Baye et al. (2018). Twelve
studies (Ketema et al., 2019; Alene et al., 2017; Limenih and
Workie, 2019; Woldeyohannes et al., 2019; Getachew et al., 2013;
Girum et al., 2017; Shimbre et al., 2020; Gebre et al., 2020; Fantaw
et al., 2018; Molalign and Wencheko, 2015; Woya et al., 2019;
Abebe et al., 2020) reported time to poor treatment outcomes
using different person time scales. We changed all scales to per
1000 PMs scale. Accordingly, the highest poor treatment outcome
incidence density rate was reported from the Amhara region by
Limenih and Workie (2019), which was 16.84 poor treatment
outcomes per 1000 PMs. Similarly, Abebe et al. (2020) (15.48 cases
per 1000 PMs) from St Peter hospital and Fantaw et al. (2018)
(14.45 cases per 1000 PMs) from Adama and Bishoftu hospitals
report relatively a higher incidence density rate of poor treatment
outcomes. Similar to the proportion of cases, Shimbre et al. (2020)
reported the lowest poor treatment outcome incidence density
rate, which was 5.66 cases per 1000 PMs. Likewise, Girum et al.
(2017) from South Ethiopia and Molalign and Wencheko (2015)
from ALERT hospital and Gondar university hospital reported
relatively lower incidence density rates of poor treatment
outcomes, which was 5.81/1000 PMs and 6.98/1000 PMs
respectively.



Figure 10. Forest plot for pooled survival rate at different periods of follow-up among DR-TB patients in Ethiopia. A; 3rd month, B; 6th month C; 12th month D; at the end.
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Figure 11. Forest plot for pooled treatment success rate among DR-TB patients in Ethiopia.
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To estimate the pooled proportion of poor treatment outcomes
among patients treated for MDR/RR-TB in Ethiopia, a total of 5075
patient records were included in the final analysis of the selected
studies. The overall estimated pooled proportion of poor treatment
outcomes among patients MDR/RR-TB in Ethiopia based on a
random effect model was 17.86% (95%CI: 14.54, 21.18) (I2 = 90.7%,
P < 0.001) (Table 4 and Figures 2 and 3). Likewise, to estimate the
pooled incidence density rate of poor treatment outcomes per
1000 PMs of follow-up in Ethiopia, a total of 3661 patients were
followed for 59,623.829 PMs. There were 628 poor treatment
outcomes among those patients who had a follow-up time. Thus,
the estimated pooled incidence density of poor treatment
outcomes among patients treated for MDR/RR-TB under TICs of
Ethiopia using a random effect model was 10.41 cases per 1000
Table 5
Poor treatment outcome based on different risk factors among DR-TB patients in Ethio

Group variable Number of studies Poor treat

Number 

HIV status Negative 11 494 

Positive 237 

Comorbidity or co-infection Yes 7 72 

No 398 

Clinical complication Yes 4 152 

No 142 

Site of TB PTB 5 322 

EPTB 67 

BMI <18.5 kg/m2 3 161 

>18.5 kg/m2 17 

Anemia Yes 3 170 

No 81 

Treatment delay Yes 2 45 

No 53 

Age <35 years 6 162 

>35 years 124 

Smoking Yes 4 71 

No 223 

TB treatment history Yes 6 355 

No 106 

Sex Male 9 287 

Female 260 

Residence Urban 3 152 

Rural 132 

Smear result Negative 5 56 

Positive 221 

χ2: Chi-square; df: degree of freedom.
PMs (95%CI: 8.42–12.40) (I2 = 83.7%, P < 0.001) (Table 4 and
Figures 4 and 5).

The pooled incidence of mortality

The proportion of mortality among all patients treated for MDR/
RR-TB was reported by 12 studies (Alene et al., 2017; Woldeyo-
hannes et al., 2019; Meressa et al., 2015; Getachew et al., 2013;
Girum et al., 2017; Shimbre et al., 2020; Gebre et al., 2020; Fantaw
et al., 2018; Molalign and Wencheko, 2015; Woya et al., 2019;
Abebe et al., 2020; Baye et al., 2018). Data were extracted from
these studies by defining mortality as any death after the start of
anti-TB treatment for MDR/RR-TB due to any cause in the TICs in
Ethiopia. The proportion of mortality ranges from 8.23% in a study
pia

ment outcome RR(95%CI) Heterogeneity tests

% χ2 df I2 p-value

18.03 1.71(1.38–2.10) 23.45 10 57% 0.009
29.85
35.12 1.91(1.55–2.35) 10.59 6 43% 0.10
18.27
53.52 3.89(2.05–7.37) 33.72 3 91% <0.001
13.10
23.03 1.89(1.06–3.37) 23.01 5 83% <0.001
54.92
21.41 2.45(1.16–5.17) 4.58 2 56% 0.10
7.94
29.41 2.33(1.18–4.61) 11.46 2 83% 0.003
15.40
25.42 1.68(1.19–2.38) 0.52 1 0% 0.47
14.25
16.77 1.79(1.43–2.25) 9.67 5 48% 0.09
26.67
33.02 1.72(0.91–3.25) 23.75 3 87% <0.001
19.34
21.93 0.67(0.39–1.15) 37.63 5 87% <0.001
33.13
21.23 0.86(0.75–1.00) 7.99 8 0% 0.43
24.01
22.59 1.06(0.59–1.92) 14.63 2 86% <0.001
86.84
14.47 1.26(0.95–1.67) 2.58 4 0% 0.63
18.94



Figure 12. Forest plot for risk factors for poor treatment outcome among DR-TB patients in Ethiopia. A; HIV status, B; comorbidities or co-infections, C; clinical complication,
D; Site of TB.
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done by Shimbre et al. (2020) to 29.47% in a study done by Woya
et al. (2019) from the Amhara region. Baye et al. (2018) and Fantaw
et al. (2018) also reported a higher proportion of mortality; 24.4%
and 18.29% respectively. However, Girum et al. (2017) and Molalign
and Wencheko (2015) reported a relatively lower proportion of
mortality: 8.44% and 10.82% respectively. Ten studies have
reported mortality incidence density rate (Alene et al., 2017;
Woldeyohannes et al., 2019; Getachew et al., 2013; Girum et al.,
2017; Shimbre et al., 2020; Gebre et al., 2020; Fantaw et al., 2018;
Molalign and Wencheko, 2015; Woya et al., 2019; Abebe et al.,
2020). We changed the follow-up time scale described by different
studies to one similar scale that is the number of mortality per
1000 PMs. The incidence density rate of mortality among patients
treated for drug-resistant tuberculosis in Ethiopia ranges from 5.66
cases per 1000 PMs to 14.45 cases per 1000 PMs.

We extracted mortality data from 12 studies (Alene et al., 2017;
Woldeyohannes et al., 2019; Meressa et al., 2015; Getachew et al.,
2013; Girum et al., 2017; Shimbre et al., 2020; Gebre et al., 2020;
Fantaw et al., 2018; Molalign and Wencheko, 2015; Woya et al.,
2019; Abebe et al., 2020; Baye et al., 2018) with a total of 3544



Figure 13. Forest plot for risk factors for poor treatment outcome among DR-TB patients in Ethiopia. E; BMI, F; anemia, G; treatment delay, H; age in years.
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patients. There were 540 deaths during MDR/RR-TB treatment
course. The pooled proportion of mortality based on the random
effect model analysis was 15.13% (95%CI: 12.29, 17.97) (I2; 83.1%,
P < 0.001) (Table 4 and Figures 6 and 7). We estimated the pooled
incidence density rate of mortality during the treatment course of
MDR/RR-TB among patients treated under Ethiopian TICs. A total of
2842 patients treated for MDR/RR-TB was followed for 45,048.829
PMs, and there were 413 deaths. Based on the random effect model,
the overall estimated pooled incidence density rate of mortality
among patients treated for MDR/RR-TB in Ethiopia was 9.28 deaths
per 1000 PMs (95%CI: 7.46–11.10) (I2;76.2%, P < 0.001) (Table 4 and
Figures 8 and 9).

Survival status and treatment success rate

The pooled survival status of patients during the different
months and at the end of the follow-up period was estimated
based on the random effect model. Accordingly, the estimated
pooled survival status of MDR/RR-TB patients during the course of
the treatment at three (Girum et al., 2017; Shimbre et al., 2020;
Gebre et al., 2020; Molalign and Wencheko, 2015), six (Alene et al.,
2017; Getachew et al., 2013; Girum et al., 2017; Gebre et al., 2020;
Fantaw et al., 2018; Molalign and Wencheko, 2015; Baye et al.,
2018) and 12 (Ketema et al., 2019; Woldeyohannes et al., 2019;
Getachew et al., 2013; Fantaw et al., 2018) months of follow-up
were 94.61% (95%CI: 92.31, 96.91) (I2;71.7%, P = 0.014), 89.16% (95%
CI: 86.61, 91.70) (I2;61.4%, P = 0.014) and 84.91% (95%CI: 82.95,
86.88) (I2;0.00%, P = 0.538) respectively. Based on nine studies
(Ketema et al., 2019; Alene et al., 2017; Woldeyohannes et al., 2019;
Getachew et al., 2013; Girum et al., 2017; Gebre et al., 2020; Fantaw
et al., 2018; Molalign and Wencheko, 2015; Baye et al., 2018) that
reported the survival status of patients at the end of the treatment
follow-up period, the pooled estimated survival status was
determined. All studies except one reported a survival status
above 70%. The highest survival status, which was 89.80%, was
reported by Molalign and Wencheko (2015) from ALERT hospital



Figure 14. Forest plot for risk factors for time to poor treatment outcome among DR-TB patients in Ethiopia. A; HIV status, B; comorbidity or co-infection, C; age in a year, D;
weight in 1 kg.
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and Gondar university hospital, and the lowest survival status was
reported from the Oromia region by Woldeyohannes et al. (2019),
which was 55.0%. The pooled estimated survival status of patients
at the end of their treatment follow-up period was 76.97% (95%CI:
69.7, 84.19) (I2;95.1%, P < 0.001) (Figure 10).

By defining the treatment success rate as a combination of
treatment cure rate and treatment completion, data were
extracted from eight studies (Alene et al., 2017; Woldeyohannes
et al., 2019; Meressa et al., 2015; Girum et al., 2017; Shimbre et al.,
2020; Gebre et al., 2020; Fantaw et al., 2018; Baye et al., 2018). The
lowest treatment success rate (42.21%) was reported by Girum
et al. (2017) from South Ethiopia, while Woldeyohannes et al.
(2019) from the Oromia region reported the highest treatment
success rate (78.80%). To estimate the pooled treatment success
rate, data were analyzed from a total of 2501 patients with 1678
patients who had a successful treatment outcome. Based on the
random effect model, the overall estimated pooled successful
treatment outcome was 63.82% (95%CI: 54.97, 72.68) (I2;95.7%,
P < 0.001) (Figure 11).

Risk factors for poor treatment outcome or mortality

Data on the risk factors of poor treatment outcomes were
extracted using relative risk and risk ratio. The estimated pooled
relative risk was determined for risk factors reported by at least two
studies. Among 13 variables analyzed in this study using risk ratio,
statistically, significantdifferenceswere observedforeightvariables.
Based on the pooled risk ratio estimate, being HIV positive (RR;1.71,
95%CI: 1.38, 2.10, I2; 57%), presence of non-HIV comorbidities
(RR = 1.91; 95%CI: 1.55, 2.35, I2 = 43%), clinical complication
(RR;3.89, 95%CI: 2.05, 7.37, I2;91%), extrapulmonary TB (EPTB)
involvement (RR = 1.89, 95%CI: 1.06, 3.37, I2 = 83%), body mass index
(BMI) < 18.5 kg/m2 (RR;0.45, 95%CI: 1.16, 5.17, I2 = 56%), being
anemic (RR = 2.33, 95%CI: 1.18, 4.65, I2 = 83%), delayed treatment >
4 weeks (RR = 1.68, 95%CI: 1.19, 2.38, I2 = 0%) and age > 35 years
(RR = 1.79, 95%CI: 1.43, 2.25, I2 = 48%) were the predictors of poor
treatment outcome (Table 5 and Figures 12 and 13).

Statistically significant differences were not found for smoking
(RR = 1.72, 95%CI: 0.91, 3.25, I2 = 87%), TB treatment history
(RR = 0.67, 95%CI: 0.39, 1.15, I2 = 87%), sex (RR = 0.86, 95%CI: 0.75,
1.00, I2 = 0%), residence (RR = 1.06, 95%CI: 0.59, 1.92, I2 = 86%) and
smear result (RR = 1.26, 95%CI: 0.95, 1.67, I2 = 0%).

Accordingly, HIV positive patients had 1.75 times the risk to have
a poor treatment outcome compared to HIV negatives. Similarly, the
presence of co-infection orcommodities other than HIV was one risk
factor, such that those patients who had co-infection had 1.91 times
the risk to develop poor treatment outcomes compared to others.
The highest risk of poor treatment outcomes was observed among
patients with clinical complications. Patients with clinical compli-
cations had 3.89 times the risk to have a poor treatment outcome.
The other risk factor is the involvement of EPTB. The risk of poor
treatment outcomes among patients with EPTB involvement was
1.89 times as high as compared to PTB only. Likewise, patients with
lower BMI (<18.5 kg/m2) and being anemic, had 2.45 and 2.33 times
the risk to have a poor treatment outcome compared to their
counterparts respectively. The other risk factor identified in this
study is a delay in starting ant-TB treatment for more than four
weeks. Delayed treatment increases the risk of poor treatment
outcomes by 1.68 times. Finally, the age of the patient is one risk
factor. Being above the age of 35 years increases the risk of poor
treatment outcomes by 1.79 times.

Risk factors for time to poor treatment outcome or death

To determine the predictors of time to poor treatment
outcomes among patients treated for MDR/RR-TB in Ethiopia,
data were analyzed using hazard ratios from survival studies.
Among all variables assessed in the current study, HIV positivity,
presence of comorbidities or co-infections other than HIV, age of
the patient in years and the initial bodyweight of the patient in kg
were found to be the independent predictors of time to poor
treatment outcome among patients treated for MDR/RR-TB in
Ethiopia (Table 5 and Figure 14).

Accordingly, HIV positive MDR/RR-TB patients had 2.46 times
the shortest time to develop poor treatment outcomes compared
to HIV negatives (HR = 2.46, 95%CI: 1.84, 3.07, I2 = 38.3%). Similarly,
patients who had co-infection rather than HIV had 2.76 times the
hazards to have a poor treatment outcome compared to those who
had no co-infection (HR = 2.76, 95%CI: 1.46, 4.07, I2 = 81.9%). Also,
age is one predictor of time to poor treatment outcome, where a
one year increase in age shortens the time to poor treatment
outcome by 3% (HR = 1.03, 95%CI: 1.00, 1.05, I2 = 89.6%). Moreover, a
statistically significant predictor identified in the pooled analysis
was the weight of the patient. The time to poor treatment outcome
is associated with a lower initial bodyweight of the patient. A 1 kg
increase in the patient weight decreases the time to poor
treatment by 5% (HR = 0.95, 95%CI: 0.92–0.98, I2 = 0%).

Based on the pooled estimate of hazard ratio, statistically
insignificant variables were smoking status (HR = 1.32, 95%CI: 0.62,
2.02, I2 = 24.5%), presence of clinical complications (HR = 3.03, 95%
CI: 0.82, 5.25, I2 = 56.3%), a bacteria resistance to more than two
drugs (HR = 1.36, 95%CI: 0.46–2.25, I2 = 76.7%), presence of adverse
effects (HR = 1.84, 95%CI: 0.20–3.47, I2 = 72.1%), EPTB involvement
(HR = 0.88, 95%CI: 0.29, 1.48, I2 = 20.5%), anti-TB treatment history
(HR = 1.59, 95%CI: 0.40, 2.79, I2 = 57.9%), substance abuse (HR = 0.96,
95%CI: 0.05, 1.87, I2 = 54.6%) and being male (HR = 1.20, 95%CI:
0.42–1.98, I2 = 0%).

Discussion

To our knowledge, this systematic review and meta-analysis is
the first comprehensive and detailed review that assessed the time
to poor treatment outcome and its predictors among patients
treated for MDR/RR-TB in the TICs of Ethiopia. In the current
systematic review and meta-analysis study, we summarized data
on the proportion and incidence density of poor treatment
outcome and mortality, survival at different months of follow
up period, the treatment success rate and risk factors for poor
treatment outcome or mortality among patients treated for MDR/
RR-TB in Ethiopia. After intense searching and quality assessment,
17 studies conducted in different TICs found in different parts of
the country were included in the final analysis.

This study revealed that around 18% of MDR/RR-TB patients
treated in Ethiopia had a poor treatment outcome (death and
failure) during their treatment follow-up. Comparable results were
reported from Egypt (Gadallah et al., 2016), Pakistan (Javaid et al.,
2018; Khan et al., 2015), Eastern Taiwan (Lin et al., 2019), Lativa
(Leimane et al., 2005), Tajikistan (Makhmudova et al., 2019), and
India (Nair et al., 2017). Higher poor treatment outcomes were
reported from Lesotho (Dheda et al., 2012), South Africa (Farley
et al., 2011; Schnippel et al., 2015; Hirasen et al., 2018), and the USA
(Kurbatova et al., 2012). However, Jeon et al. (2011) from South
Korea reported an extremely high result, where (62.9%) of patients
developed a poor treatment outcome. We also pooled 12 studies
together to get the pooled incidence density rate of poor treatment
outcome. Based on the pooled estimate the incidence density rate
of poor treatment outcomes among MDR/RR-TB patients during
their anti-TB follow-up period was 10.41 cases per 1000 PMs.
Likewise, Ali et al. (2019) from Sudan reported 11.86 cases per 1000
PMs.

In the current study, about 15.13% of patients with MDR/RR-TB
died during their anti-TB treatment follow-up. Comparable
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mortality rates were also reported from different countries;
Pakistan (Javaid et al., 2018; Khan et al., 2015), South Africa
(Hirasen et al., 2018), Democratic Republic of Congo (Kashongwe
et al., 2017), Tajikistan (Makhmudova et al., 2019), Malaysia (Mohd
Shariff et al., 2016), India (Nair et al., 2017) and Taiwan (Lin et al.,
2019). Relatively lower mortality rates were reported from Kenya
(Kiprotich et al., 2014), Sudan (Ali et al., 2019), Egypt (Gadallah
et al., 2016), Brazil (Gayoso et al., 2018), USA (Kurbatova et al.,
2012), Lativa (Leimane et al., 2005), Tanzania (Mollel and
Chilongola, 2017), and China (Zhang et al., 2018). However, higher
mortality reported from Pakistan (Kanwal et al., 2017), Nigeria
(Bajehson et al., 2019), Eastern Europe (Balabanova et al., 2016),
South Africa (Chingonzoh et al., 2018; Farley et al., 2011; Schnippel
et al., 2015), Lesotho (Dheda et al., 2012), South Korea (Jeon et al.,
2011), Bulgaria (Milanov et al., 2015) and Peru (Mitnick et al.,
2013). The pooled incidence density rate of mortality in this study
was 9.28/1000 PMs. Likewise, Balbanova et al (Balabanova et al.,
2011) from Eastern Europe, Ali et al. (2019) from Sudan and Bei
et al. (2018) from China reported 9.12/1000PMs, 10.44/1000 PMs,
and 10.67/1000 PMs respectively. The case of China was among
XDR-TB patients.

In this study, the estimated treatment success rate among
patients treated for MDR/RR-TB in Ethiopia was 63.82%. This is
better than the global average (56%) (WHO, 2019). However, much
effort is needed to increase the treatment success rate to achieve
the 2035 end TB strategy. In line with the current study,
comparable treatment success rates were reported from Sudan
(Ali et al., 2019), Lesotho (Dheda et al., 2012), Egypt (Gadallah et al.,
2016), USA (Kurbatova et al., 2012), Lativa (Leimane et al., 2005),
Tajikistan (Makhmudova et al., 2019), Peru (Mitnick et al., 2013),
India (Nair et al., 2017) and China (Zhang et al., 2018). The
treatment success rate above 70% was reported from Pakistan
(Javaid et al., 2018; Khan et al., 2015) and Eastern Taiwan (Lin et al.,
2019). However, treatment success rates lower than 50% were
reported from South Africa (Farley et al., 2011; Schnippel et al.,
2015), South Korea (Jeon et al., 2011), and Bulgaria (Milanov et al.,
2015).

In this study, we explored data in detail to identify risk factors
that predict the poor treatment outcome. We analyzed the pooled
relative risk and hazard ratio to assess the risk factors of poor
treatment outcome and time to poor treatment outcome
respectively. Based on the pooled risk ratio estimate, HIV status,
presence of non-HIV comorbidities or co-infections, clinical
complication, extrapulmonary involvement, BMI < 18.5 kg/m2,
being anemic, delay in treatment and older age were the predictors
of poor treatment outcome.

Accordingly, those patients with MDR/RR-TB who were HIV
positive had 1.75 times the risk to have a poor treatment outcome
compared to HIV negatives. The immune status becomes impaired
in HIV positives and, thus coping with the co-infection might be
difficult. Supportive findings were reported previously (Chung-
Delgado et al., 2015; Nair et al., 2017; Bajehson et al., 2019;
Balabanova et al., 2016; Chingonzoh et al., 2018; Farley et al., 2011;
Kurbatova et al., 2012; Schnippel et al., 2015; Gayoso et al., 2018;
Mollel and Chilongola, 2017). Likewise, non-HIV comorbidity or co-
infection doubles the risk of poor treatment outcomes. Supportive
shreds of evidence are reported by Balabanova et al. (2016), Chung-
Delgado et al. (2015), Gadallah et al. (2016), Mohd Shariff et al.
(2016), and Bei et al. (2018). Low compliance, lack of intensive care
facility, and acute adverse outcomes might contribute to the poor
treatment outcome in DR-TB patients co-infected with other
comorbidities. For example, diabetic patients have impaired
immunity that might potentiate adverse effects. We were also
able to assess the impact of any clinical complication on the
treatment outcome. Based on the pooled analysis, patients with
clinical complications had 3.89 times the risk to have a poor
treatment outcome. Similarly, the worst survival among patients
with advanced disease was reported from South Korea (Kim et al.,
2010; Kang et al., 2013) and China (Wang et al., 2019). This might be
associated with poor response to anti-TB drugs such that the
absorption of anti-TB drugs might be impaired due to undernutri-
tion in the presence of clinical complications.

Undernutrition at baseline is a risk factor for poor treatment
outcome; it leads to an ineffective pharmacological response of
drugs. Patients with lower BMI (<18.5 kg/m2) had 2.45 the risk to
develop poor treatment outcomes. Studies that were done by
Dheda et al. (2012), Kurbatova et al. (2012), Leimane et al. (2005),
Nair et al. (2017), and Bei et al. (2018) also supported this. The other
risk factor was anemia; patients with any type of anemia had 2.33
times the risk to have a poor treatment outcome compared to their
counterparts. This was also reported by Hirasen et al. (2018).
Anemia leads to immune compromise that increases the risk of
infection, which might contribute to the advancement of the
disease. The anemia might have resulted from a late diagnosis of
DR-TB. The current study revealed that MDR/RR-TB patients with
extrapulmonary involvement whether or not they had PTB had
1.89 times the risk to develop poor treatment outcomes compared
to those who had PTB only. The involvement of extrapulmonary
involvement as a risk factor for mortality among MDR-TB patients
was also reported from Eastern Europe (Balabanova et al., 2011)
and the USA (Kurbatova et al., 2012). The diagnosis of EPTB might
be delayed due to its similarities in clinical presentations with
other diseases. Besides, treating and documenting a cure for EPTB
is another challenge.

In this study, we have assessed whether or not delay in starting
anti-TB treatment had an impact on the treatment outcome. A
delay in starting ant-TB treatment for more than a month increases
the risk of poor treatment outcomes by 1.68 times. In support of
this, Bajehson et al. (2019) reported that failing to start TB
treatment increases the hazard of death 8 times compared to
starting treatment within 2 weeks after detection. This showed
that the early start of anti-TB treatment might increase successful
treatment outcomes. The delay in starting ant-TB treatment could
be explained. First, the delay in health care seeking might be one
factor. Secondly, the delay in diagnosis of DR-TB might be the other
possible determinant, most of the time people prefer to go to
traditional healers. The third explanation could be the accessibility
and availability of health care facilities to start ant-TB treatment
where DR-TB patients are referred to treatment initiative centers
(TICs) to start second-line anti-TB treatment in Ethiopia. The other
predictor we assessed was the age of the TB patient. MDR/RR-TB
patients above the age of 35 years had 1.79 times the risk to
develop a poor treatment outcome. Older age as a risk factor to
poor treatment outcome was also reported from different
countries (Nair et al., 2017; Balabanova et al., 2016; Chingonzoh
et al., 2018; Khan et al., 2015; Li et al., 2016; Makhmudova et al.,
2019; Kurbatova et al., 2012; Kanwal et al., 2017; Gayoso et al.,
2018; Zhang et al., 2018; Schnippel et al., 2017).

Besides, we explored in detail the predictors to time to poor
treatment outcomes using hazard ratios. Based on the pooled
analysis, the time to poor treatment outcome shortened due to HIV
positivity, presence of comorbidities or co-infections other than
HIV, higher age in years, and lower baseline body weight in kg.
Accordingly, HIV positive MDR/RR-TB patients had 2.46 times the
hazards to develop poor treatment outcomes compared to HIV
negatives. HIV co-infection shortens the time to poor treatment
outcomes by 146%. As we indicated in the previous paragraphs,
different studies reported this. Likewise, non-HIV co-infections or
comorbidities also shorten the time to poor treatment outcomes by
2.76 times.

Studies conducted in Ethiopia showed that as age increases, the
hazards of poor treatment outcome increase. Gebre et al. (2020)
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and Fantaw et al. (2018) reported that MDR/RR-TB patients older
than 31 years and 44 years had 1.51 times and 2.26 times the
hazards to die compared to their counterparts, respectively.
Molalign and Wencheko (2015) also reported that for every 5-
year increase in age, the hazard to die increases by 20%. Based on
the pooled estimate of five studies, a 1-year increase in age
shortens the time to have a poor treatment outcome by 3%. This
might be because the immune statuses of individuals become
impaired as they become older. The other predicting factor to time
to poor treatment outcome is the weight of the patient. Molalign
and Wencheko (2015) reported that for every 10 kg increase in
weight, the hazards of mortality decreased by 60%. Based on the
pooled estimate of two studies, a 1 kg increase in the patient
weight decreases the time to poor treatment by 5%. Similarly,
lower baseline body weight as a risk factor for poor treatment
outcome was reported by Furin et al. (2016), Kanwal et al. (2017),
Farley et al. (2011), and Mitnick et al. (2013).

Limitation of the study

The main limitation of this study is the limitation of the
individual studies that are included in the analysis because all
studies were retrospective cohort studies that were conducted
based on a review of patient records registered in the routine
program. In this systematic review and meta-analysis, only studies
that were published in English were included, which might affect
the true estimates of treatment outcomes.

Conclusion

Higher treatment success rate and survival rate were observed
in Ethiopia as compared to the global average. The majority of
mortalities or treatment failures occurred within the intensive
phase of the MDR-TB treatment period, which might result from
the adverse effects from anti-TB drugs, late diagnosis, and late start
of the ant-TB treatment. Higher risks of poor treatment outcome
were noted in patients with HIV, presence of comorbidities or co-
infections other than HIV, clinical complication, the involvement of
extrapulmonary TB, BMI < 18.5 kg/m2, being anemic, treatment
delay, and age > 35 years. Being HIV positive, presence of
comorbidities or co-infections other than HIV, increased age, and
lower initial weight shorten the time to poor treatment outcome.
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