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a b s t r a c t
Objectives: We aimed to investigate published data on treatment outcomes of multidrug-resistant
(MDR)/rifampicin-resistant tuberculosis (TB) in Central and West Africa because these, to the best of our
knowledge, are sparsely available.
Methods: Systematic review and meta-analysis.
Results: A total of 14 studies were included, representing 4268 individuals in 14 of the 26 countries.
Using a random-effects model meta-analysis, we observed a pooled success rate of 80.8% (95% conﬁdence
interval [CI] 56.0-93.3) for the Central African subgroup and 69.2% (95% CI 56.3-79.7) for the West African
subgroup (P = 0.0522). The overall treatment success for all studies was 74.6% (95% CI 65.0-82.2). We
found high heterogeneity among included studies (I2 = 96.1%). The estimated proportion of successfully
treated individuals with MDR/rifampicin-resistant TB was considerably higher than the global estimate
provided by the World Health Organization (59%), reaching the 2015 World Health Organization target of
at least 75% treatment success for MDR-TB.
Conclusion: The use of shorter treatment regimens and the standardized treatment conditions, including
directly observed therapy in these studies, could have contributed to a high treatment success. Yet, the
available literature was not fully representative of the regions, possibly highlighting the sparse resources
in many of these countries.
The review was registered at PROSPERO (https://www.crd.york.ac.uk/prospero/) (CRD42022353163).
© 2022 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/)

Introduction
Multidrug-resistant (MDR) and rifampicin-resistant (RR) tuberculosis (TB) remains a major threat to disease control and health
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worldwide (World Health Organization [WHO], 2021). MDR-TB is
deﬁned as Mycobacterium tuberculosis (MTB) strains that are resistant to the ﬁrst-line drugs, isoniazid and rifampicin (WHO, 2020b).
In many settings, Xpert MTB and rifampin (MTB/RIF) Assay (GeneXpert) is the only diagnostic tool available to measure RR and
is consequently considered a proxy for MDR-TB (Pandey et al.,
2017; WHO, 2011). Drug-resistance is associated with protracted
and complicated treatments, expensive drug regimens, severe adverse effects, and higher mortality rates (Lange et al., 2019; Migliori
et al., 2020). In those who are coinfected with HIV, the mor-
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tality can be as high as 50% (Efsen et al., 2018). Concerningly,
the World Health Organization (WHO) assumed 465,0 0 0 incident
cases of MDR/RR-TB in 2019 (before the COVID-19 pandemic), of
which only one-third is presumed treated (Migliori et al., 2020;
WHO, 2020a). The treatment of MDR/RR-TB poses numerous challenges that are not necessarily apparent in high-income countries. Logistical, economic, and technological barriers complicate
the matter, and treatment relies on an adequate diagnosis and
drug-susceptibility testing as well as availability of medications
(Lange et al., 2019; Migliori et al., 2020).
As of May 2022, WHO has endorsed a promising 6-month, alloral regimen for MDR-TB, and previously, a 9-month oral regimen
(WHO, 2022). Unfortunately, most patients are still treated for at
least 18-20 months in many regions due to a high cost and low
availability of medications (Lange et al., 2022). In many African
countries, a short regimen including injectables has been widely
used (Schwœbel et al., 2020) and was previously recommended by
WHO (WHO, 2016). Despite efforts to control the disease worldwide, the number of detected MDR/RR-TB cases increased by 10%
between 2018 and 2019 (WHO, 2020a). However, this increase may
also have been caused by intensiﬁed screening and improved detection. Worldwide, treatment success was still suboptimal, with
a point prevalence of 59% for MDR/RR-TB in 2018 (WHO, 2021).
Treatment success was 69% in 2018 for patients in the African region who were started on second-line treatment (WHO, 2020a).
Unsettlingly, only 36% of all new patients with TB were tested
with rapid diagnostics (Xpert MTB/RIF and Xpert MTB/RIF Ultra)
at the time of diagnosis, potentially masking an overestimation
(WHO, 2020a). Drug-susceptibility testing coverage has expanded
between 2018 and 2019 in ﬁve of the six WHO regions, except
in the African region (WHO, 2020a). Still, it is our impression
that data and literature on treatment outcomes of MDR/RR-TB in
Central and West Africa are sparse, despite being a region with
a massive burden of TB (Dean et al., 2022; Knight et al., 2019;
Lange et al., 2022). With the continued emergence of drug-resistant
MTB as a huge barrier to the goals of the WHO’s End TB Strategy (WHO, 2010), we aimed to evaluate treatment outcomes of
MDR/RR-TB in Central and West Africa based on the available literature.

broad search and reduce the risk of language bias. Reviews and
reference lists were screened to identify relevant literature.
Selection of studies
Studies obtained from the literature search were screened by
title and abstract by ALT and VND, using covidence.org, a browserbased software for literature review. Full texts were examined if
the articles were considered relevant. A preliminary manuscript for
an ongoing unpublished study was included in the review (Sifna
et al., unpublished). Studies were included if they were original articles with information on MDR/RR-TB treatment outcomes as deﬁned by WHO or adaptations thereof. Studies using treatment outcome measures, such as mortality or culture conversion only were
excluded. Other exclusion criteria included studies solely including patients who are still on treatment, relapse among patients
with MDR/RR-TB without reconﬁrmation of MDR/RR-TB, patients
with only pre-extensively drug-resistant (XDR)/XDR-TB, small sample size (n <25), case reports/series, reviews, and studies using
ﬁrst-line treatment for MDR-TB.
Eligibility assessment
Studies using the recommended outcomes of MDR-TB treatment
or adaptations thereof were included for analysis. The adapted outcome deﬁnitions were assessed before inclusion to ensure crosscomparability. Studies with overlapping cohorts were identiﬁed to
the best of our ability and the study (i) containing the most cases
in the same cohort, (ii) with most elaborate outcome classiﬁcation,
(iii) and/or with the most recent update to end of treatment outcomes was included and prioritized in that order. Multiple authors
were contacted to preclude overlapping data, and results stratiﬁed
by country were provided, allowing exclusion of overlapping data
from the multiple-country study (Schwœbel et al., 2020).
Outcome measures
According to WHO, treatment completion and cure were deﬁned as successful outcomes, whereas treatment failure, consisting of lost to follow-up (LTFU), and death during treatment
were considered unsuccessful outcomes (Eurosurveillance editorial team, 2013). Patients categorized as ‘relapses’ during followup were counted, if available, as treatment failures and unsuccessful outcomes. ‘Transferred out’ was categorized as not evaluated.
If the studies did not provide a summation of cured and completed, this was calculated by the authors. For studies not presenting a pooled unsuccessful outcome, a worst-case scenario, including failure, death, LTFU, and not evaluated was estimated. The
studies using adaptations of the WHO outcomes are available in
Appendix 3.

Methods
A systematic review was conducted using the guidelines of
the Preferred Reporting Items for Systematic Reviews and Metaanalyses statement (Page et al., 2021). A Preferred Reporting Items
for Systematic Reviews and Meta-analyses ﬂow chart (Figure 1)
and checklist are provided (Appendix 1). The review was registered at the International Prospective Register of Systematic Reviews (https://www.crd.york.ac.uk/prospero/) (CRD42022353163).
Search strategy

Data extraction
A systematic review was conducted to identify eligible studies on MDR/RR-TB treatment outcomes in Embase, Web of Science, Scopus, and PubMed/MEDLINE databases. The search was
performed on March 13, 2022. The databases were searched with
a combination of the following keywords: “tuberculosis”, “TB”,
“multidrug-resistant”, “MDR” “extensively drug-resistant”, “XDR”
“drug-resistant tuberculosis”, “Africa” and “treatment outcome”,
among others (search string available in Appendix 2). The search
string was combined with the name of the countries in Central
and West Africa. Country members of the Economic Community of
Central African States and Central Africa of the Economic Community of West African States were included in studies from Central
and West Africa, respectively (ECCAS, 2022; ECOWAS, 2022). There
were no ﬁlters applied and no language restrictions to ensure a

Data were extracted into a preformed Excel spreadsheet (Microsoft, Redmond, WA, USA). Information collected included data
on ﬁrst author, year of publication, study design, period, country,
population size, age, percentage of males/females, percentage of
HIV-positive individuals, drug-resistance patterns, treatment regimens (Appendix 4), length of treatment, information on previous
treatment, use of directly observed therapy (DOT), stratiﬁed treatment outcomes if available, and deﬁnitions of treatment outcome.
The distribution of treatment outcomes in the individual studies
was calculated before stratiﬁcation by country and random-effects
analysis. If a study had multiple cohorts with different treatment
regimes, and the results were available, the results were stratiﬁed
based on the regime. Successful outcomes, deﬁned as the sum of
S108
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Fig. 1. Flow chart of study inclusion and exclusion.
Abbreviation: MDR-TB, multidrug-resistant-tuberculosis.

‘cured’ and ‘completed’, were pooled and the proportions relative
to the cohort sizes were calculated. Study characteristics and treatment outcomes by reference and country were summarized in tables. Mapchart.net was used to create a ﬁgure of Central and West
Africa to provide an overview of the included countries.

We assessed publication bias using a funnel plot. Based on the
shape of the plot, a symmetrical plot was interpreted as suggestive
of no publication bias and conversely. In addition, we constructed
a contour-enhanced funnel plot to distinguish between publication bias and other causes of funnel plot asymmetry (Sterne et al.,
2011). All estimates were presented with 95% CI, and a P-value less
than 5% was considered statistically signiﬁcant.

Statistical analyses
Results
Statistical analyses were performed using the meta package
(version 5.2-0) in R (version 4.1.3).
Because we anticipated considerable between-study heterogeneity, a random-effects model was used to pool the proportion of successful outcomes, using logit transformation and inverse
variance method. We used Knapp-Hartung adjustments to calculate the conﬁdence interval (CI) around the pooled effect. ClopperPearson CIs were calculated for individual studies. A pooled success rate was also calculated for the Central and West African subgroups. A pooled unsuccessful outcome was also calculated. A sensitivity analysis with removal of outliers was conducted, where
studies were considered outliers if their CI did not overlap with the
CI of the pooled effect. Moreover, an analysis of studies using only
WHO treatment outcomes and adapted treatment outcome deﬁnitions was performed. Heterogeneity was quantiﬁed with I2 statistics.

In total, 867 records were identiﬁed through databases, of
which 84 full-text articles were examined for relevance (Figure 1).
Two additional articles were obtained from other sources (Kamara
et al., 2022, Sifna et al., unpublished). Of the remaining articles,
14 were included for quantitative analysis (Akinsola et al., 2018,
Aznar et al., 2019, Bakare et al., 2021, Bulabula et al., 2019, Ciza
et al., 2020, Hassane-Harouna et al., 2020, Ige and Oladokun, 2018,
Kamara et al., 2022, Kuaban et al., 2015, Ngabonziza et al., 2020,
Piubello et al., 2020, Schwœbel et al., 2020, Sifna et al., unpublished, Souleymane et al., 2021). Several articles contained overlapping data and were excluded.
The 14 studies included for analysis represented 14 of 26 countries in the two regions (Figure 2). The largest study included data
from both Benin, Burkina Faso, Burundi, Cameroon, Central African
Republic, Côte d’Ivoire, Democratic Republic of Congo, Niger, and
S109
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Fig. 2. Map of Central and West Africa countries with (green) and without (gray) data on multidrug-resistant tuberculosis treatment outcome.

Rwanda (Schwœbel et al., 2020). However, data from Burundi,
Niger, and Rwanda were excluded from this study due to overlapping data.
Study periods ranged from 2005 to 2020 (Ngabonziza et al.,
2020, Sifna et al.). A total of 11 studies were retrospective cohort studies (Akinsola et al., 2018, Bakare et al., 2021, Bulabula
et al., 2019, Ciza et al., 2020, Hassane-Harouna et al., 2020, Ige and
Oladokun, 2018, Kamara et al., 2022, Ngabonziza et al., 2020,
Piubello et al., 2020, Sifna et al., unpublished, Souleymane et al.,
2021) and three were prospective (Aznar et al., 2019; Kuaban et al.,
2015; Schwœbel et al., 2020). The mean study population size
was 304.9 (range 115-845); most patients were males (range 51.384.1%) (Kuaban et al., 2015; Souleymane et al., 2021), and the
median age ranged from 28 to 35 years (Bulabula et al., 2019;
Hassane-Harouna et al., 2020; Kamara et al., 2022). All studies
reported the number patients coinfected with HIV, ranging from
4.1% to 39.9% (Ngabonziza et al., 2020; Souleymane et al., 2021).
Seven studies reported using DOT (Aznar et al., 2019; Bakare et al.,
2021; Bulabula et al., 2019; Ige and Oladokun, 2018; Kuaban et al.,
2015; Piubello et al., 2020; Schwœbel et al., 2020). Five studies used adaptations of treatment outcomes (Aznar et al., 2019;
Ciza et al., 2020; Ige and Oladokun, 2018; Piubello et al., 2020;
Schwœbel et al., 2020). A single study was included, although 11.3%
(n = 47/413) of patients had XDR-TB (Akinsola et al., 2018).
Treatment outcomes by study are presented in Table 1, and outcomes stratiﬁed by country are presented in Table 2 and Figure 2.
Of the 4268 individuals included, 74.3% fulﬁlled the deﬁnition of a
successful outcome, whereas 3.4%, 12.3%, 7.1%, and 2.9% were classiﬁed as failure/relapse, death during treatment, LTFU, or not eval-

uated, respectively, corresponding to a rate of unsuccessful outcome of 25.7%. The proportion of successful outcomes was pooled
and weighted using a random-effects model, resulting in an overall treatment success of 74.6% (95% CI 65.0-82.2) for all studies (Figure 3). Our analysis revealed high heterogeneity among
the included studies (I2 = 96.1%; P <0.01). Treatment success
rate was 80.8% (95% CI 56.0-93.3) for the Central African subgroup and 69.2% (95% CI 56.3-79.7) for the West African subgroup
(P = 0.0522). Taking treatment outcome deﬁnition into account,
the treatment success rate was 72.3% (95% CI 59.4-82.4) and 78.4%
(95% CI 54.2-91.7) (P = 0.492) when using only WHO deﬁnitions
(n = 9) and adaptations (n = 5) hereof, respectively. Excluding
outliers (Aznar et al., 2019, Ciza et al., 2020, Kuaban et al., 2015,
Sifna et al., unpublished) revealed a similar pooled success rate of
75.1% (95% CI 69.8-79.7). The pooled unsuccessful treatment outcome was 25.4% (95% CI 17.8-35.0) and 18.9% (95% CI 11.2-30.3) and
28.1% (95% CI 20.3-37.5) for the Central (n = 8) and West African
(n = 11) subgroup (P = 0.1137), respectively. The funnel plot for assessment of publication bias was asymmetrical (Appendix 5), suggesting probable publication bias. A contour-enhanced funnel plot
indicated that missing studies were mainly in the region of higher
statistical signiﬁcance, with only one study missing in the region of
low statistical signiﬁcance, implying that the asymmetry was not
caused solely by publication bias but other causes, such as small
study effect sizes and differences in participant characteristics.
Only four studies had treatment outcome data stratiﬁed for
treatment length (Bulabula et al., 2019; Hassane-Harouna et al.,
2020; Kamara et al., 2022; Piubello et al., 2020). All of them used
shorter treatment regimens, including injectables versus various
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Table 1
Treatment outcomes by references

S111

Population,n

Successful
outcome, n
(%)

Unsuccessful
outcome, n
(%)

Cure, n

Complete, n

Failure/relapse,
n

Death, n

LTFU, n

NE,n

57.4

147

79 (53.7)

68 (46.3)

42

37

3

24

41

0

66.2
51.3

225
150

209 (92.9)
134 (89.3)

16 (7.1)
16 (10.7)

185
132

24
2

2
1

11
10

3
5

0
0

65.4

845c

676 (80.0)

169 (20.0)

608

68

66

63

38

2

35 (IQR 27-44)

67.6

170

120 (70.6)

50 (29.4)

-

120

0

24

15

11

WHO

28 (23-38)

72.0

271

189 (69.7)

82 (30.3)

154

35

10

41

31

0

2012-2020

WHO

N/A

58.2

273

97 (35.5)

176 (64.5)

0

97

0

55

40

81

R

2008-2016

Adapted

32 (IQR 25-40)

82.7

249

207 (83.1)

42 (16.9)

207

0

12

23

7

0

R

2016-2019

WHO

33(IQR 26-41)

84.3

153d

124 (81.0)

29 (19.0)

124

0

7

20

2

0

Aznar et al., Angola
Ciza et al., Burundi
Kuaban et al.,
Cameroon
Schwœbell et al.,
multiple
Bulabula et al. a ,
DRC
Hassane-Harouna
et al., Guinea
Sifna et al.
(unpublished),
Guinea-Bissau
Piubello et al.,
Niger
Souleymane et al.,
Niger
Akinsola et al.b ,
Nigeria
Bakare et al.,
Nigeria
Ige and Oladokun,
Nigeria
Ngabonziza et al.,
Rwanda
Kamara et al.,
Sierra Leone
Total, n (%)
a

Study period

Outcome
deﬁnitione

Median age,
years

Males,
%

P

2013-2015

Adapted

R
P

2013-2017
2008-2011

Adapted
WHO

P

2013-2015

Adapted

30.0 (IQR
24.2-38.0)
N/A
33.7∗ ∗ (range
17-68)
33(IQR 26-41)

R

2012-2017

WHO

R

2016-2017

R

R

2012-2016

WHO

36.8 (+/- 12.6)

60.8

413

268 (64.9)

145 (35.1)

64

204

22

30

72

21

R

2015-2016

WHO

N/A

60.7

150

105 (70.0)

45 (30.0)

51

54

8

14

19

4

R

2010-2013

Adapted

66.1

115

79 (68.7)

36 (31.3)

42

37

1

25

10

0

R

2005-2016

WHO

37.3/30.5g
(males/females)
34 (IQR 27-43)

57.5

742

618 (83.3)

124 (16.7)

457

161

4

112

8

0

R

2017-2019

WHO

35 (IQR 26-45)

72.1

365

267 (73.2)

98 (26.8)

29

238

8

75

12

3

4268 (100)

3172 (74.3)

1096 (25.7)

2095(49.1)

1077 (25.2)

144(3.4)

527 (12.3)

303 (7.1)

122(2.9)

f

Successful outcome was not stratiﬁable by cure and complete but was considered as completed due to the limited availability of culture in DRC.
47 XDR patients were included in this cohort.
c
Data were only included from Benin, Burkina Faso, Cameroon, the Central African Republic, Côte d’Ivoire, and the Democratic Republic of Congo to avoid overlapping data.
d
Data of 2016 cohort are analyzed in Piubello et al. and not included here.
e
See Appendix 3 for speciﬁed adaptations.
f
mean.
g
male:female ratio.Abbreviations: LTFU: Lost to follow-up, NE: Not evaluated, N/A: Not available, WHO: World Health Organization, R: retrospective, P: prospective, DRC: Democratic Republic of Congo; XDR, extensively
drug-resistant.
b
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Table 2
Summarized treatment outcomes by country of origin and region

S112

Country

Population, n

Successful
outcome, n (%)

Unsuccessful
outcome, n (%)

Cure, n

Complete, n

Failure/relapse,
n

Death, n

LTFU, n

NE, n

Aznar et al.
Ciza et al.
Kuaban et al., Schwœbell
et al.
Schwœbell et al.
Bulabula et al.a , Schwœbell
et al.
Ngabonziza et al.
Total, n (%)
Schwœbell et al.
Schwœbell et al.
Schwœbell et al.
Hassane-Harouna et al.
Sifna et al. (unpublished)
Piubello et al., Souleymane
et al.b
Akinsolaet al.c , Bakare et
al., Ige and Oladokun.
Kamara et al.
Total, n (%)

Angola
Burundi
Cameroon

147
225
326

79 (53.7)
209 (92.9)
283 (86.8)

68 (46.3)
16 (7.1)
43 (13.2)

42
185
280

37
24
3

3
2
7

24
11
26

41
3
10

0
0
0

CAR
DRC

45
471

36 (80.0)
359 (76.2)

9 (20.0)
112 (23.8)

36
220

0
139

2
21

5
41

2
38

0
12

Rwanda
Benin
Burkina Faso
Côte d’Ivoire
Guinea
Guinea-Bissau
Niger

742
1956 (100)
29
34
260
271
273
402

618 (83.3)
1584 (81.0)
25 (86.2)
26 (76.5)
201 (77.3)
189 (69.7)
97 (35.5)
331 (82.3)

124 (16.7)
372(19.0)
4 (13.8)
8 (23.5)
59 (22.7)
82 (30.3)
176 (64.5)
71 (17.7)

457
1220 (62.4)
25
20
159
154
0
331

161
364 (18.6)
0
6
42
35
97
0

4
39 (2.0)
1
6
30
10
0
19

112
219 (11.2)
3
0
22
41
55
43

8
102 (5.2)
0
1
7
31
40
9

0
12 (0.6)
0
1
0
0
81
0

Nigeria

678

452 (66.7)

226 (33.3)

157

295

31

69

101

25

Sierra Leone

365
2312(100)

267 (73.2)
1588 (68.7)

98 (26.8)
724(31.3)

29
875 (37.8)

238
713 (30.8)

8
105(4.5)

75
308 (13.3)

12
201 (8.7)

3
110(4.8)

a
b
c

Successful outcome was not stratiﬁable by cure and complete but was considered completed due to the limited availability of culture in DRC.
Including data from 2016 to June 2019 without overlapping data.
47 XDR patients were included in this cohort.Abbreviations: LTFU: Lost to follow-up, NE: Not evaluated, CAR: Central African Republic, DRC: Democratic Republic of Congo; XDR, extensively drug-resistant.
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Fig. 3. Forest plot of the proportion of successful treatment outcomes for each study and a pooled estimate (random-effects model).
Footnote: a 47 XDR patients were included in this cohort.
b
Data were only included from Benin, Burkina Faso, Cameroon, the Central African Republic, Côte d’Ivoire, and the Democratic Republic of Congo to avoid overlapping data.
c
Data of 2016 cohort are analyzed in Piubello et al. and not included here.
Abbreviations: DRC: Democratic Republic of Congo; XDR, extensively drug-resistant.

longer regimens. Kamara et al. found a higher success rate of 80%
versus 54% among patients treated with the shorter regimen (9-11
months) than the longer regimen (18-24 months) (see Appendix 3
for treatment regimens) (Kamara et al., 2022). Similar results were
reported by Hassane-Harouna et al. (2020) who found a successful outcome in 74% with the shorter regimen versus 59% with the
longer regimen. They also found that a more patients were LFTU
if treated with the longer regimen. Piubello et al. (2020) found
a success rate of 83% and 70% for the short versus long regimen. Bulabula et al. (2019) observed a smaller and not signiﬁcant difference between the regimens of 83% for the shorter regimen and 74% for the longer regimen. The success rate in Angola,
only using the previously recommended longer treatment regimen, was considerably lower than other studies (Aznar et al., 2019)
(Figure 3). Patients treated with a modiﬁed shorter treatment regimen with linezolid replacing kanamycin had similar favorable outcomes (Souleymane et al., 2021).

also reviewed the treatment success rate for adults with DS-TB and
found a rate of 80% and only a little bit lower for the African region (79%) (Chaves Torres et al., 2019). Also in this study, only two
studies from Cameroon and three from Nigeria, respectively, were
included. Among the patients with MDR-TB, the success rate was
as low as 58.4%. Much in line with the studies above, another review of DS-TB among adults in sub-Saharan Africa, including nine
studies from Nigeria, reported a pooled treatment success of 76%
(Izudi et al., 2019).
Compared with literature on drug-resistant TB (DR-TB), an older
review of MDR-TB outcomes from 1973 to 2006, where no African
studies were included, observed an overall treatment success of
62% (Orenstein et al., 2009). Studies combining treatment for at
least 18 months and DOT had signiﬁcantly higher pooled success
proportions (69%) than other studies of treatment outcomes (58%).
Individualized treatment regimens had higher success rates than
standardized but were insigniﬁcant (64% vs 54%) (Orenstein et al.,
2009). A review of 17 studies from Ethiopia with data from 2009
to 2019 on DR-TB found a similar success rate of 64% (Alemu et al.,
2020). A review of 1343 children with MDR-TB, obtained from 17
studies (no studies from Central or West Africa), reported a pooled
success rate of 77% (Tola et al., 2020).
Although not directly comparable with the ﬁndings above, our
estimates of MDR/RR-TB treatment outcomes in Central and West
Africa seem promising, reaching WHO’s success target. A possible explanation is the early introduction of the shorter Bangladesh
regimen in many of the included countries (2008 in Cameroon,
Niger, and Benin and 2013 in many of the other countries) (Kuaban
et al., 2015; Piubello et al., 2014; Trébucq et al., 2019, 2018) because
shorter and standardized regimens are more easily implemented in
resource-constrained settings (Abidi et al., 2020).
DR-TB is associated with inadequate treatment and poorer outcomes (Lange et al., 2019; Migliori et al., 2020). Patient adherence
issues during prolonged treatment regimens, insuﬃcient veriﬁcation of the diagnosis, and limited resources in health care systems
are all drivers of drug-resistant disease (Goldman et al., 2007).
Among the studies we included, several determinants of poor outcomes were discussed. Aznar et al. (2019) found that adverse

Discussion
In this study, we investigated MDR/RR-TB treatment outcomes
in Central and West Africa in 14 available studies representing
4268 individuals in 14 of the 26 countries in the region. The
results revealed considerable intraregional variations of MDR-TB
treatment outcome and almost signiﬁcant interregional variations,
with a treatment success rate of 81% for Central Africa and 69% for
West Africa, respectively. Surprisingly, the overall treatment success for the regions collectively was 74.6%, which was considerably higher than the global estimate of 59% provided by the WHO
(WHO, 2021), reaching the 2015 WHO target of at least 75% treatment success for MDR-TB (WHO, 2010).
Interestingly, comparing to drug-susceptible TB (DS-TB), a recent review of treatment outcomes in nine African countries, including 26 studies, found a comparable success rate of 79%, ranging from 53% in Nigeria to 92% in Ethiopia (Teferi et al., 2021).
Only two of the studies were from Central and West Africa, with
a treatment success rate of 79% and 89% (Rwanda and Benin), respectively (Ade et al., 2016; Kayigamba et al., 2013). Torres et al.
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effects were associated with poor treatment outcomes, whereas
Bulabula et al. (2019) only found that severe adverse effects with
treatment interruption were associated with poor outcomes. On
the contrary, Ciza et al. (2020) did not ﬁnd any signiﬁcant association between adverse effects or HIV and poor outcomes. Kuaban
et al. (2015) observed that patients with an unsuccessful outcome
tended to be somewhat older and male. However, these differences
disappeared after adjustment for age, sex, and HIV status (Kuaban
et al., 2015), whereas another study concluded that HIV was associated with an unsuccessful outcome as well as higher age and
chronic lung disease (Kamara et al., 2022). Initial ﬂuoroquinolone
resistance was reported by Schwœbell et al. (2020) and Piubello
et al. (2020) to be signiﬁcantly associated with an increased risk
of failure/relapse and of any unfavorable outcome. Very severe underweight was also associated with poor outcomes (Kamara et al.,
2022; Piubello et al., 2020). Treatment delay after sputum sampling
for more than 100 days was associated with two-fold higher odds
of dying (Ngabonziza et al., 2020).
Bakare et al. (2021) found only treatment adherence to be predictive of treatment success, whereas Bulabula et al. (2019) correspondingly found that absence of DOT was a predictor of treatment
failure/death. Among our included studies, a variety of DOT strategies were used (Aznar et al., 2019; Ige and Oladokun, 2018; Kuaban
et al., 2015; Piubello et al., 2020; Schwœbel et al., 2020). DOT usage varied in both length and type. Some used DOT for the entire
duration of treatment, whereas others (Ige and Oladokun, 2018;
Kuaban et al., 2015; Schwœbel et al., 2020) only had daily DOT
during the intensive phase and weekly DOT during the continuation phase (Piubello et al., 2020). One study had DOT performed
by relatives after the ﬁrst 8 months of treatment but also had
the highest rate of LTFU (27.9%) (Aznar et al., 2019). This was attributed to patients living far away from the hospital and a high
proportion of adverse effects. Adverse effects have been known to
affect the proportion of patients that are LTFU (Huerga et al., 2017).
The study from Guinea (Hassane-Harouna et al., 2020), where DOT
was not applied, also found a higher rate of LTFU among patients
on the longer treatment regime (20% vs 8.2%), in agreement with
the proposition that shorter treatment regimens will have a positive effect on the treatment default rate due to fewer adverse effects and smaller burden of pills (Schwœbel et al., 2020; Trébucq
et al., 2018). The largest study (n = 845) had a low rate of LTFU
of 4.5% in comparison to the other studies in light of the considerable cohort size (Schwœbel et al., 2020). However, the investigators provided food and money for transport for participants if possible (Schwœbel et al., 2020; Trébucq et al., 2018). Moreover, patients were reminded about follow-up appointments by phone and
those who had not attended their appointments 12 months after
treatment would be actively searched for by phone and the reason
for not attending would be recorded (Trébucq et al., 2018). Such
conditions are unlikely to be implemented in most settings. Yet,
it suggests which factors are relevant to consider when trying to
decrease the rate of LTFU. Overall, DOT is a well-documented and
valuable strategy for optimizing treatment adherence (Alipanah
et al., 2018), but more modern approaches could be incorporated
to minimize LTFU.
Five of the 15 included studies used adapted deﬁnitions of
WHO outcomes, possibly interfering with the evaluation of treatment success and treatment completion (Aznar et al., 2019; Ciza
et al., 2020; Ige and Oladokun, 2018; Piubello et al., 2020;
Schwœbel et al., 2020). The ‘cured’ and ‘failure’ deﬁnitions were
adjusted in the largest study because the study used a shorter
treatment regimen (Schwœbel et al., 2020). Piubello et al. adapted
‘failure’ to include smear results if cultures were unavailable
(Piubello et al., 2020), whereas outcomes were based exclusively on
smear results in another study (Aznar et al., 2019). In many African
settings, culturing methods are simply not available. However, in

the study by Piubello et al. and Schwœbell et al., almost all patients with a successful outcome were bacteriologically conﬁrmed
cured. Sputum smear-based treatment outcomes may lead to bias
because microscopy does not differentiate between live and dead
bacilli. Smear microscopy has been evaluated in resource-poor settings as a surrogate for follow-up on MDR-TB cases due to a lower
cost and faster test result. Finally, Ige and Oladokun deﬁned ‘cured’
with one less positive culture than recommended by WHO (Ige and
Oladokun, 2018). Nonetheless, the success rate was similar when
accounting for deﬁnitions.
The study has several limitations. The absence of data from
most countries in the region (46%, n = 12/26) leaves the data nonrepresentative for all countries in the region. We excluded studies solely focusing on death as the outcome because we would
not have been able to compare these studies with the rest because other reasons for unfavorable treatment outcomes (and favorable outcomes) were unavailable. Also, study periods varied and
spanned from 2005 to 2020. Moreover, outcome and diagnostic access bias are likely to be present. The percentage of conﬁrmed DRTB was not presented in most studies as well as numbers of and
reasons for exclusion, potentially leading to selection bias. Countries with less resources and presumably poorer treatment outcomes may have a smaller capacity for TB surveillance, research,
and publication, potentially leading to an overestimation of treatment success. The performance of each country should be evaluated individually because of the heterogeneity in demographics,
the availability of drug-susceptibility testing, availability of medications, use of DOT, and general differences in health care systems.
The high level of heterogeneity represents uncertainty in our estimates, but we believe it is likely due to the large and diverse
populations and we think that all studies not excluded represent
important parts of the background population, which is undoubtedly diverse. This population diversity, the lack of overall estimates
of MDR/RR-TB treatment outcomes from Central and West Africa,
the noticeable differences in HIV prevalences, and accessibility of
rapid diagnostic tests across Africa are also the main reasons for
investigating these regions speciﬁcally. These differences also make
the overall estimate for the whole continent provided by WHO less
generalizable. The wide CI of our estimate also implies that the
treatment outcome success rate is likely to vary across the region
but also within the countries. More data presenting the current
success rate in the region is simply warranted. A strength of this
study is that outcomes were obtained in routine conditions, including the multicountry study of Schwœbell et al. (2020). We believe
our study supports the available WHO data and helps clarify the
situation in a region with relatively sparse data accessible.
In conclusion, the treatment outcome in Central and West
Africa observed in our study was considerably higher than the estimate reported by WHO. Whether this reﬂects the true rate of
treatment success or whether the rate is skewed due to underreporting remains unknown. With an enormous pool of potential DRTB worldwide (Cohen et al., 2019; Knight et al., 2019), continued attention to prevention and management of DR-TB should be of the
highest priority, especially in poorer regions with sparse resources
to manage, such a clinically challenging infection. Future studies
should adhere to the outcome deﬁnitions set forth by the WHO to
minimize bias and ensure data comparability. With this paper, as
the ﬁrst available, we have presented an overview of MDR/RR-TB
treatment outcomes in Central and West Africa and discussed determinants of outcome that are essential to consider when trying
to improve treatment success.
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