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ABSTRACT 
 

Aims: To characterize archived nontuberculous Mycobacteria (NTM) samples previously isolated 
from humans across Zimbabwe during the 2014 national tuberculosis survey. The rpoB gene of the 
isolates was targeted for characterization. 
Study Design:  The research was an observational study where NTM samples previously isolated 
from Zimbabwean population were analysed by rpoB gene sequencing and phylogeny to identify 
NTM species.  
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Place and Duration of Study: Department of Medical Microbiology, University of Zimbabwe 
between September 2015 and July 2016. 
Methodology: We obtained 99 NTM DNA samples from 963 NTM at NMRL, which we 
characterised using rpoB gene analysis after PCR amplification. The amplicons were sequenced 
and bioinformatics tools were used for speciation. The rpoB gene of DNA extracts from the NTM 
was amplified and the sequences were analysed using bioinformatics tools to identify the NTM to 
species level. 
Results: From the 99 NTM isolates, 40 were sequenced and analyzed. The NTM were identified as 
belonging to 13 species. The species were M. palustre (14.8%), M. aroisense (29.6%), M. 
parascrofulaceum (3.7%), M. arupense (7.4%), M. asiaticum (3.7%), M. malmoense (3.7%), M. 
lacus (3.7%), M. avium (7.4%), M. nonchromogenicum (3.7%), M. gordonae (3.7%), M. 
aromaticivorans (3.7%), M. novocastrense (3.7%), M. bourgelatii (3.7%). One sample (3.7%) 
belonged to Mtb complex species (3.7%) and another one (3.7%) was closely related to S. oryzae. 
The most common species belonged to M. aroisense and M. palustre. The species showed a high 
degree of rpoB sequence diversity. Sequence analysis of the rifampicin resistance determining 
region (RRDR) showed the existence of only silent mutations.  
Conclusion: Species of NTM from Zimbabwe showed a high degree of rpoB gene sequence 
diversity. This characteristic feature can therefore be used in diagnosis and identification of NTM in 
clinical specimens.  
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ABBREVIATIONS 
 
MAC: Mycobacterium avium-intracellulare complex; NTM: nontuberculous mycobacteria;                        
Mtb: Mycobacterium tuberculosis; NMRL: National Microbiology Reference Laboratory;                             
Mtb: Mycobacterium tuberculosis; RRDR: rifampicin resistance determining region. 

 
1. INTRODUCTION  
 
Nontuberculous mycobacteria (NTM) are diverse 
and ubiquitous acid-fast microorganisms that are 
found in several environments [1]. In recent 
years, several species of NTM have been found 
to be opportunistic human pathogens in both 
immunocompromised and immunocompetent 
individuals [2]. The diagnosis of infection by 
these NTM and identification of individual 
species are still challenging. In most low-
resource countries such as Zimbabwe, 
microscopy is used for diagnosis of infection by 
mycobacteria including Mycobacterium 
tuberculosis. However, most phenotypic methods 
such as microscopy cannot distinguish the 
different NTM species. Molecular methods such 
as gene sequencing are becoming useful in 
diagnosis and identification of microorganisms to 
species level [3]. The 16S rRNA gene 
sequencing has been popularly used in the 
identification of several NTM species [4]. Other 
genes such as hsp65, sodA, recA and rpoB have 
also recently been explored in characterization 
and identification of NTM [5]. The sequencing of 
the rpoB gene, which encodes the β subunit of 
RNA polymerase, has been very useful for the 

phylogenetic characterization of NTM [6]. No 
previous studies have investigated the clinical 
utility of using rpoB gene sequencing in 
characterizing and identifying NTM species in 
Zimbabwe. In this pilot study, we therefore set 
out to characterize NTM isolates in Zimbabwe by 
rpoB gene amplification and sequencing.  

 
2. MATERIALS AND METHODS  
 
2.1 Archived NTM Isolates 
 
The archived NTM isolates used in this study 
were retrieved at the National Microbiology 
Reference Laboratory, Harare. They were 
isolated throughout Zimbabwe during the 
national tuberculosis survey of 2014 [7]. The 
bacterial samples were retrieved, cultured and 
DNA extracted as previously described [7]. 

 
2.2  Amplification of rpoB gene, 

Sequencing and Bioinformatics  
 
The rpoB gene of NTM from the extracted DNA 
samples was amplified by polymerase chain 
reaction using Mycobacterium specific forward 
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primer, 5´-GCTGATCCARAACCAGATCCG-3´ 
and reverse primer 5´-
CTCGATGAACCCGAACGGGT-3´. Amplification 
was performed according to the following cycling 
profile: initial incubation at 94°C for 5 minutes, 35 
cycles of 30 seconds denaturation at 94°C, 1 
minute annealing at 55°C, 30 seconds elongation 
at 72°C and a final extension of 5 minutes at 
72°C. The NTM rpoB gene amplicons (10 µl) 
were analyzed by gel electrophoresis. Samples 
with strong gel bands of approximately 392 bp 
were selected and sent for DNA sequencing at 
Inqaba Biotechnical Industries, South Africa.  
 

2.3 Analysis of DNA Sequencing Data 
 

DNA sequences were analyzed using common 
bioinformatics softwares such as Geneious Basic 
program (Biomatters, USA), Chromas Lite, 
BioEdit, MAFFT and BLAST programs. Different 
NTM species were identified by comparison of 
the alignment with sequences in the Genbank. 
Phylogenetic analysis of the DNA sequences of 
rpoB gene was performed using the Geneious 
Basic program. 
 

3. RESULTS  
 

During the national tuberculosis prevalence 
survey conducted throughout in Zimbabwe in 
2014, 963 NTM samples were isolated and kept 
at the National Microbiology Reference 
Laboratory [7]. In this study, we extracted DNA 
from 99 of the bacterial isolates and performed 
amplification of the rpoB gene. Only 59 (59.6%) 

of the samples showed positive PCR results with 
an expected band of approximately 392 bp (Fig. 
1). Nineteen samples (19.2%) also showed 
positive results but with faint bands of the 
expected 392 bp on agarose gel. Negative 
results were shown by 21 samples (21.2%) that 
did not amplify and there were no bands 
produced on agarose gel. In the amplification, 
samples designated W1, W2, W3, W4 and W5 
were included and these were isolates of 
Mycobacterium tuberculosis (Mtb). The five 
samples (W1-W5) were used as positive PCR 
controls and showed amplification of rpoB gene 
on gel electrophoresis (results not shown). Forty 
(40) amplicons from the 59 positives were 
sequenced.  
 

Bioinformatics analysis using Chromas Lite and 
the Geneious 9.0.5 program showed that only 27 
sequences (36.5%) (designated R1, R2, R3, R6, 
R7, R9, R10, R11, R12, R14, R15, R16, R18, 
R19, R21, R25, R26, R27, R28, R29, R30, R31, 
R34, R35, R36, R37 and R40) of the total 40 
sequences could be analysed and used for 
phylogenetic characterization. The other 13 
sequences (32.5%) were not eligible for further 
analysis because they showed DNA sequences 
that were either too short for analysis or the 
chromatograms had “noisy” sequence peaks with 
low quality scores. The 27 sequences were 
aligned with sequences in the Genbank using the 
BLAST tool in Geneious program and identified 
(Table 1, Fig. 2). The identified species were M. 
aroisense, M. parascrofulaceum, M. palustre, M. 
arupense, M. asiaticum, M. malmoense,

 

 
 

Fig. 1. A representative gel of rpoB gene amplification from NTM isolates. M is the molecular 
weight marker (Promega™, Wisconsin); lanes 3, 4 and 6 show positive NTM rpoB gene 
amplicons, lanes 1 and 2; no amplification.  Lane 5; feint bands. Lane NC; negative PCR 

control. The expected PCR band for rpoB gene was approximately 392 bp. 
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M. lacus, M. avium, M. nonchromogenicum, M. 
aromaticivorans, M. novocastrense, M. gordonae 
and M. bourgelatii (Table 1). Sample R30 could 
not be identified using Blast N because it aligned 
97.8% with M. gordonae and M. bourgelatii 
strains from Genbank. Using Blast X tool, the 
protein coded for by R30 aligned 100% with M. 
gordonae. All sequences needed a further 
analysis since they had an alignment of less than 
100% with sequences in Genbank (using 
BlastN). A non-mycobacteria species was 
identified in sample R11 as belonging to 
Streptacidiphilus oryzae. 
 

To investigate the genetic relatedness of the 
NTM isolates, a phylogenetic tree was 
constructed (Fig. 2). The tree was rooted using 
the Mtb control sequences (W1-W5, H37Rv). 
The NTM sequences were clustering into about 5 
groups based on their genetic relatedness (Fig. 
2). R29 sequences were almost the same as 
those of the positive controls and could be one of 
the Mtb complex members such as 
Mycobacterium bovis, M. Tuberculosis, M. 
Africanum, M. Orygis, M. Microti, M. Canetti, M. 
Caprae, M. Pinnipedii, M. suricattae and M. 
mungi. The sequences of all the isolates showed 
great diversity even within the same species 
(Figs. 2 and 3). 
 

4. DISCUSSION 
 
NTM species have been linked to diseases in 
humans such as pulmonary disease, soft tissue 

infections and skin abscesses [8]. Some of the 
species of NTM associated with human disease 
are M. avium, M. kansasii, M. intracellulare, M. 
paratuberculosis, M. scrofulaceum, M. simiae, M. 
interjectum, M. xenopi, M. szulgai, M. fortuitum, 
M. immunogenum, M .chelonae, M. marinum, M. 
malmoense, M. ulcerans, M. smegmatis, M. 
goodii, M. neoaurum, M. palustre, M. elephantis, 
and M. septicum and M. nonchromogenicum [9]. 
RpoB gene sequencing has been previously 
used for the molecular identification of different 
bacterial genera, including Mycobacterium [5,6]. 
In this study, we identified 27 isolates as 
belonging to 13 known Mycobacterium species 
(Table 1). Some of the species identified have 
previously been associated with diseases in 
humans. The most commonly isolated NTM 
species in our study was M. aroisense (29.6%) 
followed by M. palustre (14.8%). Other NTM 
species identified in this study included, M. 
arupense (7.4%), M. aromaticivorans (3.7%), M. 
bourgelatii (3.7%), M. novocastrense (3.7%), M. 
gordonae (R30) and M. asiaticum (3.7%) (Table 
1). M. avium and M. aroisense (MAC members) 
have been associated with most pulmonary NTM 
infections especially in immunocompromized 
patients [10]. M. palustre is generally isolated 
from environmental sources such as water 
bodies and veterinary samples, and is associated 
with paediatric lymphadenitis [11]. The M. lacus 
species has been associated with bone and joint 
infections [12]. M. arupense has been associated 
with tenosynovitis and is now regarded as an 
emerging pathogen [13]. M. asiaticum has been 

 
Table 1. Identification of NTM species using rpoB gene sequencing 

 

Mycobacterium species # of strains identified Sample sequence code (% identity) 
M. palustre 4 (14.8%) R1 (97.3%), R2 (97.0%), R16 

(99.5%), R27 (99%) 
M. aroisense 8 (29.6%) R3 (97.8%), R6 (98.7%), R9 (98.1), 

R10 (97.5%), R25 (98.7%), R28 
(99.1%), R34 (98.8%), R36 (99.3%) 

M. parascrofulaceum 1 (3.7%) R7 (99.2%) 
M. arupense 2 (7.4%) R12 (98.6%), R26 (98.7%) 
M. asiaticum 1 (3.7%) R14 (98.3%) 
M. malmoense 1 (3.7%) R15 (98.2%) 
M. lacus 1 (3.7%) R18 (98.6%) 
M. avium 2 (7.4%) R19 (99.6%), R31 (99.5%) 
M. nonchromogenicum 1 (3.7%) R21 (98.2%) 
Mtb complex (eg M. bovis) 1 (3.7%) R29 (99.8%) * 
M. gordonae 1 (3.7%) R30 (97.1%) ** 
M. aromaticivorans  1 (3.7%) R35 (99.6%)  
M. novocastrense 1 (3.7%) R37 (92.5%) 
M. bourgelatii 1 (3.7%) R40 (99.1%) 
S. oryzae 1 (3.7%) R11 (94.3%)* 

*Non-mycobacterium species, ** sequence aligned with more than 1 Genbank sequence using Blast N tool 
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found to be associated with keratitis, 
lyphadenitis, bursitis and wound infections [14]. 
M. parascrofulaceum, M. malmoense, M. 
nonchromogenicum, M. gordonae and M. 
novocastrense are known to cause pulmonary 
infections [15-19]. M. aromaticivorans is found in 
the soil and has not previously been associated 
with human disease [20]. M. bourgelatii was 
previously isolated only in cattle and its clinical 
relevance in humans is uncertain [21]. We also 
identified R29 to be a Mtb complex member and 
not an NTM member (Table 1), this shows that 
the sample was previously wrongly characterised 
during culturing, Ziehl Neelsen’s (ZN) smear 
microscopy and biochemical identification of 
isolates were carried out at NMRL prior to 
commencement of this study. We identified R11 
as S. oryzae through rpoB gene sequencing. 
However, the rpoB sequence similarity was only 
94.3% and hence it was not likely to be S. 
oryzae. Since the sequence clustered with other 

samples, it could just be an unidentified NTM 
species with no sequence homologies in 
Genbank. 
 

NTM infections are treated by drug therapy. The 
treatment regimens vary according to the species 
causing the infection. Patients with pulmonary 
MAC are usually treated with multidrug regimens 
including rifampicin. In Mtb, almost all of the 
Rifampicin resistant clinical isolates carry a 
mutation in the rpoB gene. Nucleotide changes 
within this region are very rare, hence changes 
denote resistance to Rifampicin. In our findings, 
all mutations causing rifampicin drug resistance 
were found to be silent because they were 
mostly in the last nucleotide of a codon hence 
amino acid sequences were highly conserved. 
This suggested that the NTM species have not 
yet developed rifampicin drug resistance 
because they have not yet been exposed to the 
drug for a long time. 

 

 
 

Fig. 2. Phylogenetic tree of NTM species. Tree was rooted with Mtb Complex species (W1) 
which was one of the control samples in the study. The sequence of Mycobacterium 

tuberculosis, H37Rv was also used as a positive control in the analysis. 
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Fig. 3. Genetic diversity of NTM isolates from Zimbabwe. All the NTM sequences were aligned 
and the hypervariable and conserved sections of the rpoB gene were shown. The grey areas 

represent the conserved regions, the hypervariable regions are represented by blue 
(Cytosine), green (Adenine), red (Thiamine) and black (Guanine) regions in the rpoB gene 

 
The main limitation of this study was that only a 
small sample size of NTM isolates was used. 
Although there were more than 900 NTM isolates 
archived at the NMRL, limited resources only 
forced us to analyze few samples.  
 
5. CONCLUSION 
 
This study revealed the different types of                  
NTM species found in clinical samples in 
Zimbabwe. NTM species were characterised as 
belonging to 13 different Mycobacterium species. 
The species of the NTM showed a high degree of 
rpoB gene sequence diversity and this 
characteristic feature can therefore be used in 
future in diagnosis and identification of NTM in 
clinical specimens.  
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