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ARTICLE INFO ABSTRACT

Keywords: Objective: Differentiation between non-tuberculous mycobacteria (NTM) and Mycobacterium tuberculosis com-
NTM plex (MTBCQ) is crucial for case management with the appropriate antimycobacterials. This study was undertaken
hsp65 sequencing in three West and Central African countries to understand NTM associated with pulmonary tuberculosis in the
Drug resistance sub-region

Retreatment patients

X Methods: A collection of 503 isolates (158 from Cameroon, 202 from Nigeria and 143 from Ghana) obtained
West/Central Africa

from solid and liquid cultures were analysed. The isolates were tested for drug susceptibility, and MTBC were
confirmed using IS6110. All IS6110-negative isolates were identified by 65-kilodalton heat shock protein (hsp65)
gene amplification, DNA sequencing and BLAST analysis.

Results: Overall, the prevalence of NTM was 16/503 (3.2%), distributed as 2/202 (1%) in Nigeria, 2/158 (1.3%)
in Cameroon and 12/143 (8.4%) in Ghana. The main NTM isolates included 5/16 (31.3%) M. fortuitum, 2/16
(12.5%) M. intracellulare and 2/16 (12.5%) M. engbaekii. Eight (57.1%) of the 14 previously treated patients
harboured NTM (odds ratio 0.21, 95% confidence interval 0.06-0.77; P=0.021). Three multi-drug-resistant strains
were identified: M. engbaekii, M. fortuitum and M. intracellulare.

Conclusion: NTM were mainly found among individuals with unsuccessful treatment. This highlights the need
for mycobacterial species differentiation using rapid molecular tools for appropriate case management, as most
are resistant to routine first-line antimycobacterials.

Introduction difficulties associated with the use of phenotypic and molecular diag-

nostic methods for precise identification of NTM to species level have

Non-tuberculous mycobacteria (NTM), recently recognized as a
cause of pulmonary and extrapulmonary infection in humans, are
important emerging pathogens, especially in people living with hu-
man immunodeficiency virus/acquired immunodeficiency syndrome
(HIV/AIDS) (Lei et al., 2019). The clinical and molecular epidemiol-
ogy of prevalent pulmonary NTM disease are not as well described
as those for pulmonary tuberculosis (PTB) in sub-Saharan Africa (Okoi
et al., 2017) because of diagnostic challenges (van Ingen, 2013). Several

been linked with shared metabolic and genetic characteristics (Escobar-
Escamilla et al., 2014). Moreover, it is difficult to differentiate between
NTM colonization and NTM disease. Despite these challenges, accurate
identification of the causative species associated with both tuberculosis
(TB) and NTM is relevant to the proper management and follow-up of
patients (Escobar-Escamilla et al., 2014).

In some parts of sub-Saharan Africa where PTB diagnosis is based
on clinical symptoms, sputum smear microscopy and (rarely) radiolog-
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ical findings, NTM may be misdiagnosed and are often treated inap-
propriately as Mycobacterium tuberculosis complex (MTBC) (Pokam and
Asuquo, 2012; Okoi et al., 2017). The clinical and microbiological cri-
teria defined by the American Thoracic Society/Infectious Disease So-
ciety of America to diagnose pulmonary NTM disease are often not fol-
lowed because of poor laboratory infrastructure. Consequently, anti-TB
drugs are administered based on identification of acid-fast bacilli (AFB)
(Griffith et al., 2007; Pokam and Asuquo, 2012).

The resulting treatment failure may be misconstrued as drug resis-
tance, with the patient placed on an second-line anti-TB drug; this is
ineffective given the innate resistance of NTM to conventional anti-
TB drugs (Griffith et al, 2007). Thus, proper identification of NTM is
required for an appropriate treatment protocol to prevent the associ-
ated morbidity and mortality that could result from such misdiagnosis.
It has been proposed that several treatment regimens may be required
for the management of NTM, considering that the genetic make-up of
each strain determines the various drug resistance patterns encountered
(Griffith, 2010).

Genotypic methods are available for identification of mycobacte-
ria. The 65-kilodalton heat shock protein (hsp65) gene, present in all
mycobacteria, has been shown to be useful for the differentiation of
genetically-related species (Ringuet et al., 1999). The unique nucleotide
sequences of rapidly and slowly growing mycobacteria have been iden-
tified at species level (Plikaytis et al., 1992; Steingrube et al., 1995;
Devallois et al., 1997), with DNA sequencing analysis providing med-
ically relevant sub-specific phylogenetic lineages (Ringuet et al., 1999).
The distribution of distinct NTM species differs geographically (Okoi
et al., 2017), but the cultivation, identification and differentiation of
NTM from MTBC is not performed routinely in many TB diagnostic lab-
oratories in sub-Saharan Africa. Therefore, this study used variability
within the hsp65 gene to identity NTM species obtained from Cameroon,
Ghana and Nigeria, located in the Gulf of Guinea, Africa.

Materials and methods
Study settings and patients

The study was carried out between January and December 2017 in
three west and central African countries, namely Ghana, Nigeria and
Cameroon and included both new and previously treated pulmonary
TB patients seeking care in various hospitals. Sampling for testing in
Ghana was at the Eastern region of Ghana, specifically the Eastern Re-
gional Hospital located in the New Juaben Municipality of Koforidua -
the capital of the region. The site in Nigeria was the North Central zone
(Middle Belt) of the country, including the following states: Benue, Kogi,
Kwara, Nasarawa, Niger, Plateau and Federal Capital Territory. The site
in Cameroon was the Littoral region, including Douala, the economic
capital. The study was approved by the Scientific and Technical Com-
mittee, and the Ethical Committee of the Institutional Review Board of
Noguchi Memorial Institute for Medical Research (FWA 00001824, IRB
00001276, NMIMR-IRB CPN 007/16-17, IORG 0000908).

Specimen culture and drug sensitivity

sensitivityA total of 503 isolates (158 from Cameroon, 202 from
Nigeria and 143 from Ghana) were obtained from culture using either
LowensteinJensen medium (Nigeria and Cameroon) or Middlebrook
7H9 Broth using BACTEC MGIT 960 (Ghana). Primary identification
of MTBC isolates was carried out in Nigeria and Cameroon (but not
in Ghana, confirmed by Ziehl-Neelsen staining only) using the SD BIO-
LINE TB Ag MPT64 RAPID kit (Standard Diagnostics, Inc., Yongin, Ko-
rea) based on the manufacturer’s instructions. Drug susceptibility test-
ing was carried out for Streptomycin (STR). Isoniazid (INH) Rifampicin
(RIF) and Ethambutol (ETH) using the proportion method (Nigeria) as
described previously (Pokam et al., 2019) and BACTEC MGIT 960 in
Ghana using 1.0 pg/ml STR, 0.1 pg/ml INH, 1.0 pg/ml RIF, and 5.0

288

LJID Regions 3 (2022) 287-292

ng/ml ETH for low drug concentrations and 4.0 ug/ml STR, 0.4 pg/ml
INH, and 7.5 pg/ml ETH for high drug concentrations. Rifampicin resis-
tance in Cameroon was determined using Xpert MTB/RIF.

IS6110 PCR assay, hsp65 gene amplification, DNA sequencing, and blast
analysis

DNA from each isolate was used for PCR amplification us-
ing the insertion sequence 6110 (IS6110) primers described
earlier (Pokam et al, 2019). All IS6110-negative strains sus-
pected to be NTM were subjected to hsp65 gene amplification
using the Tbll (5-CAACGATGGTGTGTCCCAT-3’) and Tbl2 (5
CTTGTCGAACCGCATACCCT-3’) primers, as well as the polymerase
chain reaction (PCR) and cycling condition described previously
(Otchere et al., 2017). The amplified 441-bp product was confirmed
on 1.5% agarose gel electrophoresis, and visualized under short-wave
ultraviolet light after ethidium bromide staining.

The PCR products of the amplified hsp65 gene were shipped
to Macrogen Europe (https://dna.macrogen-europe.com/eng/) for se-
quencing. Briefly, the procedure included removal of vector sequences,
processing into gap files, and editing with gap4 of the Staden package
(Staden et al., 2000). The consensus hsp65 gene sequence of each iso-
late was saved in FASTA format, and analysed using the National Center
for Biotechnology Information nucleotide BLAST against the database of
representative genomes of microbes, and MegaBLAST selecting highly
similar sequences (Table S1, see online supplementary material).

Data analysis

The coded data entered into Excel (Microsoft Corp., Redmond, WA,
USA) were analysed using SPSS Version 20.0 (IBM, Armonk, NY, USA)
for associations between the variables using Chi-squared test for age and
gender, and Fisher’s exact test for treatment status and drug resistance
of identified NTM. P<0.05 was considered to indicate statistical signifi-
cance with 95% confidence intervals (CI).

Results

IS6110-negative isolates and hsp65 amplification results in the three study
areas

Following IS6110 PCR assay of the 503 isolates, 58 (11.5%) were
found to be negative. Of these, 8/158(5.1%) came from Cameroon,
9/202(4.5%) from Nigeria and 41/143(28.7%) from Ghana. Seven
(12.1%) of the 58 IS6110-negative isolates could not be amplified by the
mycobacterium-specific hsp65 primers, indicating that they do not be-
long to the genus Mycobacterium. Hence, 51 (10.1%) of the 503 isolates
were positive for hsp65 amplification: 6/158(3.8%) from Cameroon,
9/202(4.5%) from Nigeria and 36/143(25.2%) from Ghana (Table 1).

Distribution of MTBC, NTM and Non-Mycobacterial (NM) Species

The distribution of the 51 sequenced isolates is shown in Table 2.
Thirty-five (68.6%) were MTBC [33 (64.7%) M. tuberculosis and 2 (3.9%)
M. africanum], 14 (27.5%) were NTM and 2(3.9%) non mycobacteria
(one (1.9%) each of Nocardia veterana and Streptomyces sp.) following
sequencing and BLASTn. Among the 51 sequenced isolates, 5 (9.8%)
were M. fortuitum strain/subsp. fortuitum, 2 (3.9%) M. intracellulare, 2
(3.9%) M. engbaekii, 1 (1.9%) each of M. colombiense, M. gordonae, M.
avium, M. paraense, M. peregrinum.

Distribution and prevalence of hsp65-sequenced isolates in the three
countries

The distribution of NTM in each country showed that of the 51 hsp65-
sequenced isolates, 2/9 (22.2%) were obtained in Nigeria, 2/6 (33.3%)
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Sixty-five kilodalton heat shock protein (hsp65) gene amplification results of insertion sequence 6110 (IS6110)-negative isolates in

three West and Central African countries.

No. of isolates

Country of origin
Isolates under study

1S6110 negative (%) hsp65 amplification positive (%)

Cameroon 158
Nigeria 202
Ghana 143
Total 503

8 (5.1) 6 (3.8)
9(4.5) 9(4.5)
41 (28.7) 36 (25.2)
58 (11.5) 51 (10.1)

Table 2
Strain distribution of non-tuberculous mycobacteria (NTM) and non-
mycobacteria (NM) species in the Gulf of Guinea.

Strains Frequency (%)

MTBC (n=35)

Mycobacterium tuberculosis sensu stricto 33 (64.7)
Mycobacterium africanum 2(3.9
NTM (n=14)

Mycobacterium avium 1(1.9
Mycobacterium colombiense 1(1.9)
Mycobacterium engbaekii 2(3.9
Mycobacterium fortuitum subsp. fortuitum 5(9.8)
Mycobacterium gordonae 1(1.9
Mycobacterium intracellulare strain 2(3.9
Mycobacterium paraense 1.9
Mycobacterium peregrinum 1(1.9)
NM (n=2)

Nocardia veteran 1(1.9
Streptomyces sp. 1(1.9)
Total 51

MTBC, Mycobacterium tuberculosis complex.

in Cameroon and 10/36 (27.8%) in Ghana. Thus, the overall prevalence
of NTM was 2/202 (1.0%) in Nigeria, 2/158 (1.3%) in Cameroon and
10/143 (7.0%) in Ghana. Two NM species were also obtained from the
Ghanaian isolates, giving a prevalence of 2/143 (1.4%) (Table 3). Fur-
ther analysis included the two NM species among the Ghanian NTM, for
an overall prevalence of 12/143 (8.4%).

Demography and association with NTM/NM

Among the 51 amplified isolates, 18 (35.3%) and 33 (64.7%) were
obtained from female and male participants, respectively, aged between
20 and 89 years (mean age 45.14 years). There was no association be-
tween gender [9/33 (27.3%) males vs 7/18 (38.9%) females] of the 16
NTM/NM compared with MTBC [odds ratio (OR) 0.59, 95% CI 0.17-
1.99; P=0.393]. Similarly, the distribution of NTM and MTBC across the
age groups was not significant (P=0.259), as shown in Table 4. However,
the age ranges of 35-44 years and 44-54 years were represented with
6/13 (46.2%) and 5/10 (50%) of the 16 NTM/NM isolates, respectively.

Association of treatment status and drug resistance with NTM

Of the 51 identified isolates, 37 (72.5%) were newly diagnosed and
14 (27.5%) were either previously treated patients or multi-drug resis-
tant. Eight of 14 (57.1%) of the 16 patients with NTM/NM were previ-
ously treated patients (OR 0.21, 95% CI 0.06-0.77; P=0.021) compared
with those with MTBC infection. On the other hand, drug resistance be-
tween the two groups NTM/NM and MTBC was not associated with STR
(OR, 1.47, 95%CI, 0.26-8.23, p=0.999), INH (OR, 0.15 95%CI, 0.02—
1.49, p=0.184), RIF (OR, 0.39, 95%CI, 0.08-2.00, p=0.391) or ETH
(OR, 0.59, 95%CI, 0.08-4.21, p=0.999). However, INH [6/16 (37.5%)]
and RIF [4/11 (36.4%)] showed the highest drug resistance among the
NTM/NM isolates compared to MTBC (Table 4).
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NTM distribution by country, drug resistance and previous treatment status

Three NTM were resistant to STR, six were resistant to INH, four were
resistant to RIF and two were resistant to ETH. There were three MDR
strains: M. engbaekii, M. fortuitum subsp. fortuitum and M. intracellulare.
The M. fortuitum subsp. fortuitum MDR strain was found to be equally
resistant to STR and ETH, while the M. intracellulare MDR strain was
equally resistant to ETH but not STR.

Among the patients treated previously, M. perigrimum and M. colom-
biense strains were found in Cameroon; M. engbaekii and M. intracellulare
were found in Nigeria; and M. fortuitum, M. paraense, M. engbaekii and
Streptomyces sp. were found in Ghana (Figure 1).

Discussion

NTM are an important cause of pulmonary diseases worldwide, and
are being isolated increasingly. They are often mistakenly treated as
MTBC in countries devoid of laboratory competence for species differ-
entiation (Pokam and Asuquo, 2012).

This study showed an overall prevalence of NTM of 3.2% in three
countries in the Central and West African region. The prevalence of NTM
was lowest in Nigeria at 1%; previous research reported prevalence of
4.1% in a South-South state (Pokam and Asuquo, 2012), and 15% across
the country (Aliyu et al., 2013). As the present study included a collec-
tion of strains cultured previously from PTB patients, some isolates may
have been excluded following primary identification in the laboratory
using MTB protein 64 (mpt64) antigen, differentiating NTM from MTBC
through immunochromatographic methods. Nevertheless, 1% escaped
this prior screening, probably as a result of the polymorphisms of the
mpt64 gene in MTBC which lead to changes in the antigen produced and
alterations in related functions (Jiang et al., 2013). Mutation within the
mpt64 gene has been shown to lead to incomplete protein production as
a result of deletion of the C-terminal region of the protein (Hirano et al.,
2004). The similar prevalence of NTM of 1.3% observed in Cameroon
can be explained by the fact that isolates in both Cameroon and Nigeria
were cultured using Lowenstein—Jensen medium with prior exclusion of
some NTM (as rapid growers), whereas in Ghana, with NTM prevalence
of 8.4%, BACTEC MGIT liquid was used and no isolates were excluded
prior to sequencing.

Information about NTM epidemiology in Cameroon is scarce, al-
though a study reported these organisms in cattle from four abattoirs
across the country and hypothetically linked their transmission to hu-
mans (Egbe et al., 2016). Egbe et al. reported M. fortuitum, M. gordonae,
M. mucogenicum, M. phlei and M. scrofulaceum, whereas the present study
reported M. colombiense and M. peregrinum. Although the area studied
by Egbe et al. was different from that in the present study, the high
interaction between animals, the environment and humans has been
shown to pose a risk of NTM transmission from animals to humans in
Africa (Katale et al., 2014). M. colombiense, a new species belonging to
the M. avium complex (MAC), has been isolated in children in France
(Vuorenmaa et al., 2009) and Spain (Esparcia et al., 2008). Underesti-
mation of emerging MAC species has been highlighted due to the lack of
modern molecular techniques for their identification (Vuorenmaa et al.,
2009).
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Table 3
Distribution and prevalence of non-tuberculous mycobacteria (NTM) and non-mycobacteria (NM) in each studied country.
Isolates/country Nigeria Cameroon Ghana Total
MTBC M. tuberculosis (n=6) M. tuberculosis (n=4) M. tuberculosis (n=23) 35
M. africanum (n=1) M. africanum (n=1)
NTM M. engbaekii (n=1) M. colombiense (n=1) M. avium (n=1) 14
M. intracellulare (n=1) M. peregrinum (n=1) M. engbaekii (n=1)
M. fortuitum (n=>5)
M. gordonae (n=1)
M. intracellulare (n=1)
M. paraense (n=1)
NM Nocardia veterana (n=1)* 2
Streptomyces sp. (n=1)"
Total 9 6 36 51
Overall prevalence 2/202 (1%) 2/158 (1.3%) 12/143 (8.4%) 16/503 (3.2%)
(NTM/NM)

MTBC, Mycobacterium tuberculosis complex.

2 Both included in the prevalence calculation of NTM and further analysis.

Table 4

Association of age, gender, treatment status and drug resistance with non-tuberculous mycobacteria (NTM) in the three countries.

Variables NTM/NM (%) MTBC (%) Total Odds ratio (95% CI) P-value
Gender 0.393
Male 9(27.3) 24 (72.7) 33 0.59 (0.17-1.99)

Female 7 (38.9) 11 (61.1) 18

Total 16 35 51

Age (years) 0.259
<25 1(33.3) 2 (66.7) 3 1.1 (0.09-13.09) 0.686
25-34 1(8.3) 11 (91.7) 12 0.15 (0.02-1.24) 0.075
35-44 6 (46.2) 7 (53.8) 13 2.4 (0.65-8.88) 0.298
45-54 5 (50) 5 (50) 10 2.73 (0.66-11.27) 0.253
55-64 2(28.6) 5(71.4) 7 0.86 (0.15-4.97) 0.618
>64 1(16.7) 5(83.3) 6 0.4 (0.04-3.74) 0.651
Total 16 35 51

Treatment status 0.021
ND 8 (21.6) 29 (78.4) 37 0.21 (0.06-0.77)

PT/TMDR 8(57.1) 6 (42.9) 14

Total 16 35 51

Drug resistance

STR 0.999
S 4 (28.6) 10 (71.4) 14 1.47 (0.26-8.23)

R 3(21.4) 11 (78.6) 14

Total 7 21 28

INH 0.184
S 1(8.3) 11 (91.7) 12 0.15 (0.02-1.49)

R 6 (37.5) 10 (62.5) 16

Total 7 21 28

RIF 0.391
S 4(18.2) 18 (81.8) 22 0.39 (0.08-2.00)

R 4(36.4) 7 (63.6) 11

Total 8 25 33

ETH 0. 999
S 5(22.7) 17 (77.2) 22 0.59 (0.08-4.21)

R 2(33.3) 4 (66.7) 6

Total 7 21 28

NM, non-mycobacteria; MTBC, Mycobacterium tuberculosis complex; ND, newly diagnosed; PT/TMDR, previously treated or treated as
multi-drug-resistant strains; CI, confidence interval; STR, streptomycin; INH, isoniazid; RIF, rifampicin; ETH, ethambutol; S, sensitive;

R, resistant.

a Rifampicin sensitivity alone, carried out using GeneXpert in Cameroon.

M. peregrinum has been isolated from sputum samples in the East-
ern region of China (Shao et al., 2015). It reportedly represents up to
19% of isolates from human respiratory sites in the USA, despite the
fact that its clinical significance is unknown, probably due to the lack
of large evaluation studies (Wallace et al., 2005). M. peregrinum type
I isolates have shown approximately 97.1% identity with M. fortuitum.
M. fortuitum, a rapidly growing mycobacteria, was the most commonly
isolated (9.8%) NTM in this study, and all isolates were found in Ghana,
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contrary to a previous study in Ghana that did not isolate any M. for-
tuitum (Otchere et al., 2017). Instead, Otchere et al. found that M. in-
tracellulare (30.2%) was the most prevalent NTM in Ghana, whereas it
was much less prevalent in the present study. This is surprising con-
sidering the ubiquitous nature of M. fortuitum, which has been widely
recovered from humans as well as animals (da Costa et al., 2013; Katale
et al., 2014). Other NM species (Streptomyces sp. and N. veterana) were
isolated in Ghana, and further evaluation is required to determine their



B.D.T. Pokam, D. Yeboah-Manu, S. Ofori et al.

Drug Resistanc

LJID Regions 3 (2022) 287-292
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M. intracellulare
Nocardia veterana

Streptomyces sp.

M. engbaekii
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G ha na M. fortuitum
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Figure 1. Distribution of non-tuberculous mycobacteria/non-mycobacteria isolates by country, drug resistance and previous treatment status. STR, streptomycin;

INH, isoniazid; RIF, rifampicin; ETH, ethambutol; MDR, multi-drug resistant.

importance in TB-like infection. An earlier study showed that some iso-
lates from sputum-smear-positive patients considered to be MTB were
not members of the genus Mycobacterium, but resembled Nocardia spp.
(Pokam and Asuquo, 2012). Thus, there is a need for newer molecular
techniques to unfold these hidden and unrecognized infections in TB
patients, especially in sub-saharan Africa.

In contrast to Ghana and Cameroon with limited data on the distri-
bution of NTM, several studies in Nigeria have reported the prevalence
of NTM in different parts of the country (Pokam and Asuquo, 2012;
Aliyu et al., 2013; Cadmus et al., 2016). Aliyu et al. (2013) and other
studies have associated the Harmattan season with the occurrence of
NTM cases. M. intracellulare reported in this study has been described
previously, and the absence of M. abscessus and M. fortuitum, which
are commonly found in Nigeria (Pokam and Asuquo, 2012; Aliyu et al.,
2013), may be due to the low prevalence reported previously as a re-
sult of prior elimination of NTM in the present study. In this study, the
identification of a new species — M. engbaekii — highlights the diversity
and large spectrum of NTM that can be encountered in Nigeria.

Drug resistance was observed among NTM isolated in this study, with
up to 85.7% resistance to INH, 42.9% resistance to STR and 50% re-
sistance to RIF. It has been shown that most NTM do not respond to
standard anti-TB drugs (Viveiros et al., 2003). In support of the present
study, Otchere et al. (2017) reported high resistance to INH and RIF in
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Ghana, suggesting the need for proper species identification and drug
sensitivity evaluation in patients. MAC infections are difficult to treat
due to the intrinsic multi-drug resistance of the organism. The present
study showed that virtually all the species were resistant to one or more
anti-TB drugs, and M. engbaekii, M. fortiutum and M. intracellulare were
MDR. Resistance of M. intracellulare to INH and RIF has been reported
previously in Ghana (Otchere et al., 2017), highlighting that NTM may
be MDR (Shahraki et al., 2015).

This study also showed that NTM (57.1%) were significantly as-
sociated with previous treatment or MDR-TB. With the exception of
M. avium, M. gordonae, M. paraense and N. veterana in Ghana, all the
species isolated in each country were MDR. In Nigeria, Cadmus et al.
(2016) noted, in line with the present study, that 40% of NTM were re-
covered from patients diagnosed as new TB cases, and 33% of patients
were diagnosed as relapsed TB, buttressing the public health implica-
tions of TB misdiagnosis in NTM-infected patients. This appears to be
recurrent in the country, as Pokam and Asuquo (2012) also noted the
consequences of directly observed treatment in AFB-positive individuals
without further proof of the organisms involved in TB-like symptoms.

Approximately 69% of patients infected with NTM in this study were
aged between 35 and 54 years, with more males (56%) than females
(44%). This is contrary to a study undertaken in Brazil, which found that
more females harboured NTM compared with males (72.4% vs 37.4%).
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The study found that the average age of NTM patients was 52 years,
which was significantly higher than that of TB patients (39 years). The
difference can be explained by the younger age of the African popula-
tion, which may be connected to the implications of poverty and mal-
nutrition among younger age groups, and the consequent effect on the
burden of infectious diseases such as NTM, as in the present study. In
contrast, in developed countries, elderly individuals respond to infec-
tions less favourably than young individuals, mainly as a result of im-
munosenescence (da Costa et al., 2013).

Study limitations

The results of this study should be interpreted with caution as the
HIV status of the patients was not included (HIV results were only avail-
able for Nigeria, and hence too few individuals were identified for in-
clusion in this analysis). Nevertheless, of the nine Nigerian patients in-
cluded in this study, two were HIV positive, one of whom harboured
M. intracellulare. Repeated isolation of NTM is required for definitive
diagnosis of the isolate in a patient.

Conclusion

This study highlights the importance of hsp65 sequencing in the iden-
tification of NTM in the Gulf of Guinea to prevent the burden associated
with management of presumed relapse or MDR patients. This may help
to prevent the far-reaching consequences for patients and the develop-
ment of drug resistance in this sub-region of Africa, where the means to
effectively combat the emergence and threat of MDR across the conti-
nent is limited. A full evaluation of the NTM species circulating in this
part of the world is needed urgently. The need for rapid and correct
identification of the causative Mycobacterium spp. cannot be overem-
phasized considering that each infection is unique in terms of choice
of drugs and duration of therapy. To achieve this, laboratory capacity
needs to be increased, especially in the Gulf of Guinea where persistence
of this gap will continue to lead to morbidity and mortality of overbur-
dened patients that could have been avoided.
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