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Abstract: Background: Tuberculosis (TB) is caused by Mycobacterium tuberculosis complex (MTBC) and remains 
a serious global public health threat, especially in resource-limited settings such as the African region. Recent 
developments in molecular epidemiology tools have significantly improved our understanding of TB transmission 
patterns and revealed the high genetic diversity of TB isolates across geographical entities in Africa. This study re-
ports the results of a systematic review of current knowledge about MTBC strain diversity and geographical distribu-
tion in African regions. Methods: Search tools (PubMed, Embase, Popline, OVID and Africa Wide Information) were 
employed to identify the relevant literature about prevalence, strain diversity, and geographic distribution of MTBC 
infection in Africa. Results: A total of 59 articles from 739 citations met our inclusion criteria. Most articles reported 
about patients with presumptive pulmonary TB (73%), fewer reports were on retreatment and treatment failure 
cases (12%), and presumptive drug resistance cases (3%). Spoligotyping was the most used, alone in 21 studies 
and in parallel with either the Mycobacterial Interspersed Repetitive Units Variable Number of Tandem Repeats or 
the Restriction Fragment Length Polymorphism. Various TB lineages were observed across the African continent, 
with the originally European lineage 4 spotted in all countries studied. Conclusion: TB molecular epidemiology tools 
have substantially improved our understanding of the MTBC circulating isolates, their evolution, and diversity in this 
highly endemic region of Africa. We found that only TB lineage 4 is present throughout all the continent and the 
clusters identified provides an extended insight into the disease transmission dynamics.
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Introduction

Tuberculosis (TB), an infectious disease cau- 
sed by the Mycobacterium tuberculosis com-
plex (MTBC), is the leading infection causing 
death in the world, particularly, in resource-lim-
ited settings [1]. According to the World Health 
Organization (WHO), in 2018, there were an 
estimated 10 million new cases of TB infection 
and 1.5 million reported deaths, worldwide, in- 
cluding 0.3 million deaths due to co-infection 
with HIV [1]. In 2018, the incidence of TB in 
Africa was 275 (238-314) per 100,000 popula-
tion compared to 10.7 per 100,000, for exam-
ple, in the European Union. In addition, among 

the 30 most affected countries by TB in the 
world, three are in West Africa, three in Central 
Africa, six in East Africa and four in Southern 
African countries [1]. In 2018, an estimated 
484,000 people developed multidrug-resistant 
tuberculosis (MDR-TB), which is a simultane- 
ous resistance to at least rifampicin and ison- 
iazid, demonstrating that drug resistance is 
also becoming an increasingly serious threat  
to eradication of the disease in the short- and 
medium terms. Although the TB epidemic has 
decreased modestly in the past decade, the 
incidence remains very high in low- and midd- 
le-income countries (LMICs). Furthermore, the 
burden of disease is expected to persist or 
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even increase in Africa for many years because 
of the lack of an effective vaccine and short 
treatment regimens.

The key TB species that have adapted to the 
human species are Mycobacterium sensu stric-
to and Mycobacterium africanum. A total of 
seven phylogenetics lineage exist including 
Lineage 1 (L1 = Indo-Oceanic); Lineage 2 (L2 = 
East-Asian, include Beijing); Lineage 3 (L3 = 
East Africa-India); Lineage 4 (L4 = Euro-Am- 
erican); Lineage 5 (L5 = M. africanum West 
African 1); Lineage 6 (L6 = M. africanum West 
African 2); Lineage 7 (L7 = Ethiopia) [2-4]. How- 
ever, given the limited number of laboratories 
capable of rapidly and accurately diagnosing 
the disease and the lack of specialized care 
centers and physicians, gaining a better under-
standing of the epidemiology of TB, particular- 
ly in Africa, is essential to allow for more tar-
geted interventions to ultimately overcome the 
chains of transmissions and to successfully 
mitigate or eliminate current trends of the dis-
ease [5].

Recent development of modern molecular epi-
demiological techniques, however, offer a bet-
ter understanding of the dynamics of TB trans-
mission, through identification and evaluation 
of circulating mycobacterium strains, their mo- 
lecular characteristics, resistance profiles, and 
disease associated factors [6]. Molecular typ-
ing of MTBC isolates has proven to be a valu-
able technique to better understand the epide-
miology of TB [6-10] with the potential to signifi-
cantly impact both clinical and public health 
management of the disease [11].

The Restriction Fragment Length Polymorph- 
ism (RFLP) typing method is considered to be 
the gold standard for molecular epidemiologic 
investigation of TB [12, 13], but is known to 
have limited DISCRIMINATORY POWER FOR 
ISOLATES harboring few copies of IS6110 [14]. 
Spacer oligonucleotide typing or Spoligotyping 
is a genotyping method based on the amplifi- 
cation of the direct repeat (DR) region of the 
MTBC genome [6, 15]. It is a relatively simple, 
fast, cost-effective, and a high-throughput po- 
lymerase chain reaction (PCR)-based method 
for MTBC strain typing. Although Spoligotyping 
has a lower DISCRIMINATORY power than RF- 
LP typing [16], this tool, during the past deca- 
de, has been used exclusively to describe the 
molecular epidemiology of TB in Africa, and is 

limited by inaccuracy and non-reproducibility 
[17]. The Mycobacterial Interspersed Repeti- 
tive Units Variable Number of Tandem Repe- 
ats (MIRU-VNTR) [18-20] typing method is a 
PCR-based genotyping method used to differ-
entiate MTBC strains. MIRU is a MTBC-speci- 
fic name of a multiple locus VNTR (Variable 
Number Tandem of Repeats). MIRU-VNTR is a 
100% reproducible, sensitive, and specific TB 
typing method [16]. Both Spoligotyping and 
MIRU-VNTR typing methods are widely used 
and the results of these assays are maintain- 
ed in international databases [21-23]. Future 
study of epidemiological links (transmission 
chains) and clusters need to include these  
new techniques [24]. The combination of Spo- 
ligotyping with one or more of the above-men-
tioned methods has demonstrated better pre-
cision and resolution in molecular characteri- 
zation of mycobacterial strains [25].

This systematic review focuses on studies that 
report on the genetic diversity of MTBC strains 
in patients with pulmonary TB, from different 
regions of Africa, using Spoligotyping alone or 
in combination with other molecular typing 
tools.

Material and methods

Identification strategy, data abstraction and 
inclusion criteria

We searched the PubMed, EMBASE, Web of  
science, Scopus, Science Direct, and Google 
Scholar databases for articles published be- 
tween January 1, 1940 and March 12, 2018, 
using the following search terms and strategy: 
Molecular [All Fields] AND (“mycobacterium 
tuberculosis” [MeSH Terms] OR (“mycobacteri-
um” [All Fields] AND “tuberculosis” [All Fields]) 
OR “mycobacterium tuberculosis” [All Fields]) 
AND (“Africa” [MeSH Terms] OR “Africa” [All 
Fields]). There was no limitation on language. 
The systematic review was performed, based 
on the Preferred Reporting Items for Systematic 
reviews and Meta-Analysis (PRISMA) Statement 
[26].

Seven hundred thirty-six (739) citations were 
identified by the database search (Figure 1). 
Articles were screened by the lead author (BK), 
based on their relevance by review of the title, 
abstract, and manuscript. The review included 
studies that reported about pulmonary TB in 
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humans in Africa, which involved treated and 
non-treated TB cases. The review also focus- 
ed on the molecular methods used to detect 
MTBC, particularly, Spoligotyping (the tradition-
al method) alone or in combination with other 
molecular techniques, such as the MIRU-VNTR 
typing method. Studies that detailed the genet-
ic diversity, clusters and their rates in Africa 
were included. For all relevant articles, the fol-
lowing data were extracted using a data extra- 
ction sheet that included: (1) Region of Africa; 

(2) Study period; (3) Type of patient: pulmonary 
TB, treatment naïve, or previously treated, and 
patient HIV status; (4) Characteristics of genet-
ic diversity: numbers of isolates, MTBC species 
isolated; (5) Tool used for MTBC identification; 
Spoligotyping, other tool; and (6) Infection char-
acteristics: presence of clusters, predominant 
strain identified, and lineage/clade.

In order to minimize the risk of bias, data we- 
re extracted from the studies, using Coviden- 

Figure 1. Flow chart of literature search 
and article selection criteria.
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ce software (https://community.cochrane.org/
help/tools-and-software/covidence) and insert-
ed into a data sheet by the lead author (BK)  
and cross-checked by another author (AMS), 
with discrepancies verified by a third author 
(MM). Data were exported into Epi Info 7.2 for 
analysis of frequencies of phenotypic and ge- 
notypic diversity of MTBC strains.

Results

Description of studies

As described in Figure 1, 1,479 potential re- 
search articles were identified. After removing 
duplicates, a total of 739 articles were review- 
ed, and 604 were not retained, based on the 
inclusion criteria and fifty-nine (59) articles th- 
at represented 59 distinct studies were retain- 
ed from which data were abstracted (Table 1 
and Supplementary Table 1). Studies, conduct-
ed in Southern Africa (Mozambique, Zambia, 

Among the 59 studies, from 24 countries, 
included in the review, all used the Spo- 
ligotyping technique alone or in association 
with other molecular techniques for character-
ization of the MTBC strains, despite its low dis-
criminatory power [35]. MIRU was used as a 
second typing method in 18 studies (30%) from 
14 countries to identify the epidemiological 
relationship between strains, including similari-
ties between isolates and potential chains of 
transmissions. Only 8 studies (13%) from five 
countries used RFLP typing, 3 (5%) used Large 
sequence polymorphisms (LPS) and Regions  
of Difference (RD)-9 Analysis (2%) (Table 2). 
Comparison of molecular tying methods was 
described in Table 3.

Diversity of MTBC strains

Using the TB lineage classification [36] in West 
Africa there was a predominance of lineage 5  
in Gambia, lineage 6 in Guinea Bissau, lineage 

Table 1. Distribution of isolates by country in Africa 
from January 2007 to Mar 2018

Country Studies Number of 
isolates

Benin [74, 88] 2 301
Burkina Faso [89] 1 120
Cameroon [79, 90] 2 734
Côte d’Ivoire [81] 1 194
Djibouti [67] 1 62
Egypt [65] 1 230
Ethiopia [64, 70, 71, 75, 77, 91-95] 10 1597
Gabon [59] 1 159
Gambia [66, 96] 2 1260
Ghana [42, 44, 46] 3 2227
Guinea [97] 1 359
Guinea-Bissau [43] 1 414
Madagascar [68, 98] 2 768
Malawi [34] 1 1194
Morocco [99] 1 592
Mozambique [31, 84] 2 512
Nigeria [83, 100-102] 4 863
Rwanda [33] 1 151
Sierra Leone [78] 1 97
South Africa [27-30, 69, 103-106] 9 4416
Tanzania [76, 107-109] 4 772
Uganda [32, 45, 60, 110-112] 6 1705
Zambia [80] 1 273
Zimbabwe [113] 1 224
Total 59 19,224

Zimbabwe, Malawi, Madagascar, South 
Africa), Northern Africa (Morocco, Egypt), 
Eastern Africa (Ethiopia, Rwanda, Tanza- 
nia, Uganda, Djibouti), Western Africa 
(Gambia, Guinea, Guinea Bissau, Sierra 
Lomé, Côte d’Ivoire, Burkina Faso, Ghana, 
Nigeria, Benin), and Central Africa (Came- 
roon, Gabon), were included, of which 16 
studies were from Southern Africa (7,387 
isolates), 2 studies from Northern Africa 
(822 isolates), 22 studies from Eastern 
Africa (4,287 isolates), 16 studies from 
Western Africa (5,835 isolates) and 3 
studies from Central Africa (893 isolates).

Characteristic of patients

In the studies, 85% of patients were new- 
ly diagnosed with pulmonary TB, whereas 
15% were previously treated, including  
3% with MDR/XDR-TB. There were 19,224 
MTBC isolates from sputum specimens 
from 59 studies. Patient HIV status was 
reported in 26 studies of 44% seropositiv-
ity. The co-infection with HIV rate was par-
ticularly high in certain countries, above 
40% in South Africa (n = 4 studies) [27-30], 
Mozambique (n = 1 study) [31], Uganda (n 
= 1 study) [32], Rwanda (n = 1 study) [33] 
and Malawi (n = 1 study) [34].

Molecular typing techniques used
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4 in Guinea, Sierra Leone, Burkina Faso, Cote 
d’Ivoire, Ghana, Benin, and Nigeria. In Central 
Africa, lineage 4 was predominant in Came- 
roon and Gabon. In South African countries,  
lineage 2 was the most represented in South 
Africa, lineage 4 in Zambia and Madagascar, 
and lineage 1 in Mozambique. In East Africa, 
lineage 3 was predominant in Tanzania and 
Ethiopia, and lineage 4 in Rwanda, Uganda and 
Djibouti. In North Africa, lineage 4 was present 
in Morocco (Figures 2 and 3). Overall, in West 
Africa, there was a predominance of lineages  
4, 5 and 6. In Central Africa, lineage 4 was the 
predominant strain. In Southern African coun-
tries, lineages 1, 2 and 4 were the most repre-
sented. In East-Africa, the lineages 3 and 4 
were predominant, while in North Africa, lin-
eage 4 was identified.

Drug resistance profile

Drug sensitivity testing (DST) was reported in 
31 studies on of 12,347 isolates from 19,224 
total isolates (64.22%). Mono-resistance to iso-
niazid was reported in 20 studies (64.5%), to 
rifampicin in 23 (74.2%), to streptomycin in 21 
(67.7%), and to ethambutol in 18 (58.1%) stud-
ies. MDR-TB was reported in 28 (90.3%) and 
XDR TB in 3 studies (9.7%). All XDR cases were 

reported in studies from South Africa (Figure 
4).

Discussion

This review describes the molecular epidemiol-
ogy tools and methods used for MTBC identifi-
cation in African countries, a major epicenter of 
TB disease. In most endemic countries, includ-
ing in Africa, molecular typing is not being rou-
tinely used, despite some research studies sh- 
owing its usefulness not only to identify strains, 
but also to better understand the dynamics of 
TB transmission, which involves the identifica-
tion and evaluation of circulating mycobacterial 
strains and their molecular characteristics, in- 
cluding similarities between strains and resis-
tance profiles.

Molecular fingerprinting techniques for MTBC 
have evolved from IS6110-based restriction 
fragment length polymorphism to Spoligoty- 
ping and MIRU-VNTR typing. More recently, 
whole genome sequencing (WGS) [14, 37-39] 
has been introduced.

This review assessed studies that report on  
the molecular epidemiology of TB in Africa and 
the diversity of strains. Molecular epidemio- 
logy has been shown to be powerful to study 

Table 2. Different techniques used in molecular epidemiology of Mycobacterium tuberculosis com-
plex in Africa

Molecular diagnostic assay Reference Isolates  
n (%)

Number of 
studies n (%)

Spoligotyping, ONLY [28, 30, 60, 64, 66, 68, 74, 76, 79, 84, 91, 94, 95, 97, 
98, 100, 103, 104, 106, 108, 112]

8426 
(43.8)

21 (35.6)

Spoligotyping, MIRU-VNTR [31, 67, 69, 70, 78, 80, 81, 83, 88-90, 95, 99, 101, 102, 
105, 107, 109, 113]

3712 (19.3) 19 (32.2)

Spoligotyping, RFLP [27, 29, 34, 42-46] 5147 (26.8) 8 (13.6)

Spoligotyping, RD Analysis [32, 33, 71, 75, 77, 92, 111] 486 (2.5) 7 (11.8)

Spoligotyping, LSP [96, 110] 1064 (5.5) 2 (3.4)

Spoligotyping, MIRU-VNTR typing, LSP, MLST [65] 230 (1.2) 1 (1.7)

Spolygotyping, MIRU-VNTR, GeneXpert, Hain GenoType [59] 159 (0.8) 1 (1.7)

Total 19,224 59

Table 3. Comparison of molecular tying methods
Characteristic IS6110-RFLP Spoligotyping MIRU-VNTR WGS
Turnaround time Time consuming rapid Lower than RFLP Medium

Discriminatory ability No [114] Yes [114, 115] No [114, 115] No [114, 115]

Technique Complexity Complex [114] Simple [114] Less complex Less complex

Technique Cost Expensive [116] Less expensive [116] fairly expensive Very high [116]

Competence of personnel needed Yes and high [116] Yes [116] Yes [116] Yes [116]

Quantity of DNA Need high amount of DNA [114] Need high amount of DNA [114]

Easily reproductive No Yes No No
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Figure 2. Distribution of predominant strain of Mycobacterium tuberculosis complex in Africa countries included in this study.
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aspects of infectious diseases, including the 
identification of circulating isolates and trans-
mission chains.

In this study, lineage 4, representing 19,224 TB 
isolates, and originally a European TB lineage, 
was the most expanded strain in Africa, as it is 
worldwide [40]. The global expansion to Africa 
and to the world of this European lineage can 
potentially be explained by European migration 
and colonization of Africa, America, and Asia. 
The high virulence of this lineage relative to the 
other strains and the associated high mutation 
rates may explain the increasing likelihood of 
drug resistance [40]. This also explains the high 
and increasing prevalence of TB drug resis-
tance in Africa. The review includes 31 studies 
reporting on multidrug resistance and 3 stud-
ies from South Africa about extensive drug 
resistance. This is worrisome, as treatment re- 
gimens are limited for drug resistant cases, 
expensive, take longer, and require the use of 
drugs with many side effects.

The most common genotyping methods used  
in African countries are Spoligotyping, followed 
by the MIRU-VNTR typing, and IS6110-RFLP. 
Spoligotyping and MIRU are currently the most 
common and accurate combination of TB strain 
typing. This approach has proven to be helpful 
for in-depth understanding of the epidemiologi-
cal profile of MTBC, with an accuracy close to 
whole sequencing, especially in places where 
sequencing is not routinely available [41].

Restriction fragment length polymorphism 
(RFLP)

RFLP is an old technique that has been used  
in biology and is considered as the gold stan-
dard for molecular epidemiology of MTBC [27, 
29, 34, 42-46]. Botstein et al., published in 
1980 the genetic map of the human genome 
using genetic markers derived from RFLP [47].

Since the 1990s, IS6110-RFLP genotyping of 
M. tuberculosis has become well-established 
and is considered as the standard method of 
TB strain typing [48-52]. The method consists 
of amplification of a fragment containing the 
variation of the number of copies of TB inser-
tion sequences. It is the gold standard of mo- 
lecular epidemiology of MTBC, the most reli-
able method compared to conventional pheno-
typic molecular methods and the most stable 
[52]. Its disadvantage is that it requires speci- 
fic endonucleases, is complex to perform, and 
time consuming [53-55]. However, a recent 
study reported that the new semi-automated 
RFLP method could be a promising, robust, 
first-line method for the routine typing of M. 
tuberculosis [56].

We should mention that, despite the use of  
this method since the 90’s, few studies report-
ed its association with Spoligotyping (15.3% 
(9/59), likely due to the high specificity of RFLP 
alone but also in part because of the complex-
ity of RFLP which limits its availability.

Spoligotyping

Spoligotyping is the most popular, rapid, cost-
effective TB molecular typing used in Africa. It 
allows a distinction of different strains of MT- 
BC. Forty three types of mycobacterial spacers 
are well known and present in the direct repeat 
(DR) locus of the MTBC genome [6]. The num-
ber and order of spacers are different from  
one strain to another, which is the basis of  
differentiations. The sensitivity and specificity 
are, 63% and 49%, respectively, compared to 
the standard RFLP methods [57]. This techni- 
que doesn’t require a big amount of DNA. The 
results are easily converted into octal codes 
[58]. and the method is useful for ongoing and 
recent outbreaks and clusters. However, Spo- 
ligotyping has a low DISCRIMINATORY power 
than RFLP typing for the same strain over  
years because the spacers in the RD locus 
change overtime [16]. Our data revealed that 

Figure 3. Distribution of Lineages of Mycobacterium 
tuberculosis complex in Africa.
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Spoligotyping was combined with other meth-
ods in many studies, which is well advised 
because of the limitations mentioned above. 
Nevertheless, Spoligotyping was used alone in 
36% (21/59) of the studies [4, 13, 14, 21, 34, 
41, 55, 59-71], making it the most frequently 
used typing method in Africa.

MIRU-VNTR typing

MIRU-VNTR typing is widely used in TB molecu-
lar typing. It consists of evaluating the variable 
sizes of repeat regions in the TB genome as a 
way to differentiate strains. It is useful for the 
identification of polyclonal infections, its dis-
crimination power is similar to RFLP, and is 
more specific than Spoligotyping [18, 20, 72, 
73]. The sensitivity is 35% and the specificity 
65% compared to RFLP [17, 55]. MIRU com-
bined with Spoligotyping was used in 32% 

(19/59) of the studies reviewed [10, 17, 33, 47, 
51, 63, 65, 74-84].

Whole genome sequencing (WGS)

Genome sequencing is widely used for strain 
classification, lineage determination, studying 
dynamic transmissions, understanding strain 
characteristics [85]. In contrary to many tests, 
it allows a deeper and comprehensive analysis 
of isolates’ genome structure. The WGS char- 
acterizes various aspects of TB strains, from 
virulence to pathogenesis, and from evolution 
to genome structure [61, 86, 87]. The WGS  
also helps to determine “hot” areas where tar-
geted interventions may be needed. However, 
the WGS is expensive and requires sophisticat-
ed equipment and experienced biologists and 
bioinformatics to perform assays, analysis and 
interpret the data.

Figure 4. Drug resistance of MTBC in Africa, January 2007 to Mar 2018. INH: isoniazid, RIF: rifampicin, STR: strep-
tomycin, EMB: ethambutol, MDR: Multidrug Resistant, and XDR: Extensively Drug Resistant.
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Strengths and limitations

This study has some limitations, including, 
identification of papers from a limited number 
of sources (Figure 1) and papers in English 
only. Articles in French journals, in from Fren- 
ch-speaking countries of Africa, were not iden- 
tified from sources used. However, many fran-
cophone researchers and scientists write their 
articles in English and many are represented, 
as evidenced by the studies from Burkina  
Faso, Benin, Cote d’Ivoire and Guinea. In addi-
tion, the absence of clusters in some manu-
scripts (an exclusion criterion), slightly limited 
the number of studies. However, the inclusion 
criteria selected make sense first, because, 
these molecular typing tools and methods are 
the most useful for comparing TB isolates from 
potential same source of transmission chain 
and clusters and second, because pulmonary 
TB is most common presentation of the dise- 
ase.

Conclusion

This review of TB molecular epidemiology in 
Africa and of the tools being used improves  
our understanding, not only of the typing me- 
thods being used in highly endemic African 
regions but also of the features and transmis-
sion dynamics of the disease. This study found 
that Spoligotyping is the most commonly used 
TB typing method in Africa. Overall, these mo- 
lecular typing methods are being increasingly 
being used in endemic countries in Africa, whi- 
ch should increase the availability of essential 
information and help to reduce the transmis-
sion chains and disease incidence. Lineage 4 
was found in all regions of Africa, but further 
studies are still needed to better understand 
the host-pathogen interactions and other fac-
tors leading to the widespread of this strain in 
Africa and beyond.
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Supplementary Table 1. Overview of studies on molecular epidemiology of Mycobacterium tuberculosis complex in Africa

Authors Country Study period Age (years) sample 
Size Type of patients No of 

isolates
No of 

Strains

Clustering 
Rate (%) HIV status 

n (%)
% n

Affolabi D et al., 2012 Benin Jul 2005-Oct 2006 201 New pulmonary TB patients 201 126 64.9

Affolabi D et al., 2017 Benin Jan-Dec 2014 100 Previously treated pulmonary TB patients 100 100 69 15.2

Alame-Eman AK et al., 2017 Gabon NA 159 New pulmonary TB and previously treated patients 159 159 75.5

Asiimwe et al., 2008 Uganda Feb-Nov 2006 ≥18 386 New Pulmonary TB and suspected patients 344 344 5 NA

Asiimwe et al., 2008 Uganda Feb-Nov 2006 ≥18 386 New Pulmonary TB, and suspected patients 344 344 33 92 (26.7)

Assam et al., 2013 Cameroon Feb-July 2009 15-75 964 Suspected Pulmonary TB patients 169 169 83 NA

Bazira et al., 2010 Uganda May 2007-Apr 2008 ≥18 167 New pulmonary TB and previously treated patients 125 62 16

Bazira et al., 2011 Uganda May 2007-Apr 2009 ≥19 167 New pulmonary TB and previously treated patients 125 62 16 28 (50.9)

Bedewi et al., 2017 Ethiopia Oct 2012-Sep 2013 ≥18 338 Suspected Pulmonary TB patients 281 281 79.3 NA

Belay M et al., 2014 Ethiopia Sept 2009-Mar 2010 ≥18 325 Suspected Pulmonary TB patients 105 105 76.1 95 (29.23)

Cadmus et al., 2011 Nigeria Apr 2004-Oct 2005 NA 176 (1033) Suspected Pulmonary TB patients 163 163 32 49 (30.6)

De Jong et al., 2009 Gambia NA ≥15 386 Suspected Pulmonary TB patients 376 359 12.8 (8.40)

Debebe T et al., 2014 Ethiopia Oct 2010-Jun 2011 15-80 123 Suspected Pulmonary TB patients 118 118 17 12 (10.2)

Deribew et al., 2012 Ethiopia Feb-Mar 2009 ≥15 482 Suspected Pulmonary TB patients 17   11 5 (5.5)

Diab HM et al., 2016 Egypt 2012-2014 NA 230 Pulmonary TB and previously treated patients 230 230 13 NA

Diriba B et al., 2013 Ethiopia Sep 2009-Feb 2012 NA 183 Suspected MDR-TB patients 183 183 85.7 NA

Easterbrook et al., 2004 Zimbabwe May-Oct 1997 27 to 40 516 Suspected Pulmonary TB patients 224 224 78.6 371 (74)

Ejo M et al., 2015 Guinea 2005-2010 NA 359 New pulmonary TB patients 359 184 28 NA

Eldholm et al., 2006 Tanzania Oct-Nov 2005 NA 147 Suspected Pulmonary TB patients 147 147 52 NA

Ferdinand S et al., 2005 Madagascar 1994 and 2000 NA 333 New pulmonary TB and previously treated patients 301 60 NA

Gafirita J et al., 2012 Rwanda Mar-Sep 2009 ≥18 153 New recruitment pulmonary TB and previously treated 151 151 76.2 69 (45.7)

Gandhi J et al., 2013 South Africa Jan 2005-Dec 2006 NA (34) 148 XDR-TB patients 243 86 96 126 (85.13)

Gehre et al., 2013 Gambia Jun 2002-Dec 2009 ≥15 1003 Suspected Pulmonary TB patients 884 884 70 NA

Getahun et al., 2015 Ethiopia 2010 and 2011 ≥15 96 Suspected Pulmonary TB patients 92 91 70 NA

Homolka S et al., 2008 Sierra Leone 2003-2004 NA 103 Previously treated patients 97 97 13 NA

Hoza AS et al., 2016 Tanzania Nov 2012-Jan 2013 Mean (33) 372 New pulmonary TB and previously treated patients 80 80 21.3 NA

Godreuil S et al., 2007 Burkina Faso Jan-Dec 2001 15-75 120 Suspected Pulmonary TB patients 120 61 49.3 43 (35.8)

Godreuil et al., 2010 Djibouti 2 Month period in 2004 NA 62 Pulmonary TB patients 62 62 4 NA

Glynn JR et al., 2008 Malawi 1995-2003 25-45 1.248 Pulmonary TB patients 1194   37 (47)

Goyal M et al., 1999 Ghana not indicated average 37.1 175 Pulmonary TB patients 159 159 47.2

Groenheit R et al., 2011 Guinea-Bissau 1989-2008 NA 414 Pulmonary TB patients 414 414 81.2

Kamudumuli PS et al., 2015 South Africa Jan 2009 and Dec 2010 all ages 500 New pulmonary TB and previously treated patients 500 500 68

Mathema et al., 2015 South Africa Jun 2006 Feb 2010 median 45 5.513 Pulmonary TB patients 1240 1240 45.2 (43.6)

Koro Koro et al., 2013 Cameroon Feb 2004 to Mar 2005 >15 565 Pulmonary TB patients 565 565 186

Lahlou O et al., 2012 Morocco 2004-2006 12 to 80 592 Pulmonary TB patients 592 592 88.3 NA

Lawson L et al., 2012 Nigeria Aug 2009 to Jul 2010 >18 520 Pulmonary TB patients 423 423 36

Maguga-Phasha et al., 2017 South Africa Nov 2012 and Nov 2013 1 to 65 487 Pulmonary TB patients 215 215 13
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Marais BJ et al., 2013 South Africa Mar 2004-Dec 2007 15-60 434 Pulmonary TB patients 434 56 87.1 NA

Marais E et al., 2014 South Africa 2004 and 2007 NA 351 Pulmonary TB patients 351 351 88.3 (62.7)

Mbugi EV et al., 2016 Tanzania 2016 35.1 293 Pulmonary TB patients 293 293 47.3 21 (9.81)

Meyer CG et al., 2008 Ghana Sep 2001 to Jul 2004 6 and 60 2335 Pulmonary TB patients 1906 1906 63 (15)

Mlambo CK et al., 2008 South Africa Jun 2005 and Dec 2006 NA 699 Pulmonary TB patients 845 845 37 NA

Mulenga C et al., 2010 Zambia January and July 2006 14-79 499 Pulmonary TB patients 273 98 74.2 NA

Niemann S et al., 2002 Uganda 1995-1997 NA 234 Pulmonary TB patients 234 234 82

Ouassa T et al., 2012 Côte d’Ivoire Dec 2008 to Dec 2009 NA 194 Pulmonary TB patients 194 194 88.1 NA

Ratovonirina NH et al., 2017 Madagascar Aug 2013 to May 2014 No age limitation 523 Pulmonary TB patients 467 394 41 NA

Said et al., 2012 South Africa Jun 2007 to Jan 2008 6-69 336 Pulmonary TB patients 336 336 86.3 NA

Saifodine A et al., 2014 Mozambique Nov-09 18-62 116 Pulmonary TB patients 67 67 7 (74.5)

Stavrum R et al., 2009 South Africa 2001 and 2002 15 to >59 5866 Pulmonary TB patients 252 252 28 (44.4)

Stavrum R et al., 2014 Tanzania Apr 2006-Nov 2008 >15 842 Pulmonary TB patients 252 248 3 (38.3)

Tessema et al., 2013 Ethiopia Mar 2009 and Jul 2009 31.6 mean 260 Pulmonary TB patients 244 244 45.1 62 (25.40)

Thumamo BP et al., 2012 Nigeria Jun 2008 to May 2009 <15 to >64 137 Pulmonary TB patients 97 81 79 NA

Tilahun M et al., 2018 Ethiopia May 2014 and Mar 2015 18-67 105 Pulmonary TB patients 86 86 76.7 (16)

Uzoewulu GN et al., 2016 Nigeria 2009-2011 10 to 82 550 Pulmonary TB patients 180 180 70.5 (19)

Viegas et al., 2010 Mozambique 2007-2008 15-82 445 Pulmonary TB patients 445 445 78.2 (22)

Yeboah-Manu D et al., 2011 Ghana Oct 2007 to Mar 2009 2 to 90 232 Pulmonary TB patients 162 162 81.4 NA

Yimer et al., 2013 Ethiopia 2008 and 2010 15 to 75 375 Pulmonary TB patients 240 237 40 NA

Yimer et al., 2015 Ethiopia 2008 and 2010 average 30 240 Pulmonary TB patients 231 231 32 (22.10)

Lukoye D et al., 2014 Uganda Aug to Dec 2008 >18 536 Pulmonary TB patients 533 497 10 (33.1)


