
ABSTRACT  

In 2021, tuberculosis (TB) incidence partially 
rebounded but remained 12% lower 
compared with 2019, in which 10 million new 
TB cases have been reported worldwide. In 
Malaysia, 20 – 30% of the total TB cases were 
reported in Sabah. In this communication, we 
are reporting the whole genome sequence 
of Mycobacterium iranicum strain SBH312, 
isolated from a 49-year-old male suffering from 
a pulmonary infection. This is the first report of 
M. iranicum, non-tuberculous mycobacteria
infecting humans, from Sabah, state of
Malaysia. Phylogenetic analysis showed that
the M. iranicum strain SBH312 was closely
related to strains from Iran and Peninsular
Malaysia.

INTRODUCTION

Mycobacterium iranicum is a newly identified 
non-tuberculous mycobacteria first reported 
from Iran in 2013 (Shojaei et al., 2013). Recently 
it has been proposed to move this species to 
the new genus Mycolicibacterium (Gupta et 
al., 2018). Till now, this pathogen has been 
reported in Russia (Lyamin et al., 2020), the 
USA (Kalra et al., 2022), Spain (Balakrishnan 
et al., 2013), France (Grandjean et al., 2017), 
Germany (Becker et al., 2018), Italy, Sweden, 
Netherlands, Greece (Shojaei et al., 2013), 
Saudi Arabia (Varghese et al., 2017), China 
(Zhang et al., 2019), Japan (Inagaki et al., 2016), 
and Malaysia (Tan et al., 2013) in patients 
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with pulmonary infections. However, it is not 
restricted to pulmonary infections but has 
also been detected to cause septic arthritis 
and tenosynovitis, bacteremia (Grandjean et 
al., 2017), skin granuloma (Becker et al., 2018), 
and peritonitis (Inagaki et al., 2016). Here, we 
report a strain of M. iranicum for the first time 
isolated in Sabah, its whole genome sequence 
analysis and relatedness with strains isolated 
from other places. 

MATERIALS AND METHODS

A 49-year-old male from Kota Kinabalu, 
Sabah, Malaysia had suspected pulmonary 
tuberculosis in April 2017 detected through a 
TB mobile programme after the patient showed 
general symptoms of tuberculosis infection, 
including feelings of sickness or weakness, 
weight loss, fever, night sweats, coughing 
and chest pain. Sputum was collected and 
the patient was positive for Mycobacterium 
tuberculosis complex by GeneXpert MDR/RIF 
(Cepheid, Sunnyvale, CA, USA). The sputum 
was cultured in 7H9 Middlebrook medium 
using BACTEC MGIT 320 (Becton-Dickinson, 
Oxford, United Kingdom). 

 For further understanding and 
identification of the strain infecting the patient, 
whole genome sequencing was performed. 
Genomic DNA was extracted using Masterpure 
Complete DNA and RNA purification kit 
(Epicenter, Inc., Madison, Wisconsin, USA) 
according to the manufacturer’s instructions. 
The concentration and quality of the extracted 
DNA were determined by Nanodrop 2000c 
spectrophotometer (ThermoFisher Scientific, 
USA) and Qubit® 2.0 fluorometer (Invitrogen, 
ThermoFisher Scientific, USA), respectively. The 
genome DNA was sequenced using the Illumina 
HiSeq 4000 paired-end sequencing platform.

 Genomic bioinformatics analysis was 
performed, including genome assembly, 
annotation, and phylogenetic analysis based 
on a few genomes to identify closely related 
strains. The quality of the sequence read was 
checked by FastQC. All the raw reads were 

pre-processed using BBMap version 38.43 
tools (Bushnell et al., 2017), whereby the 
adapters were trimmed and the reads <50bp 
were removed, based on the Phred with a 
quality below Q30 using BBDuk.sh. De novo 
assembly was performed using SPAdes version 
3.11.1 (Bankevich et al., 2012) software. NCBI 
Prokaryotic Genome Annotation Pipeline 
(PGAP) (Tatusova et al., 2016) was utilized to 
annotate the generated contigs.

 A total of 11 genomes of M. iranicum 
strains were extracted from GenBank for SNP-
based phylogenetic analysis, and core-SNP 
was generated by the kSNP3 package (Gardner 
et al., 2015). The entire SNP matrix was used 
for phylogenetic analysis, using the maximum 
likelihood method available in MEGA X (Sudhir 
et al., 2018). The analysis used a general time-
reversible (GTR) model, nucleotide sequences 
were aligned and the maximum likelihood 
method was used. The Mycobacterium 
tuberculosis strain H37Rv was used as an 
outgroup. The significance of branching 
was assessed by bootstrap analysis of 1,000 
replicates. The numbers adjacent to nodes 
represent the bootstrap values (%); values less 
than 70% have not shown in this figure The 
scale bar shows the genetic distance, which is 
expressed as nucleotide substitutions per site.
This study was approved by the ethics 
committee at the Faculty of Medicine and 
Health Sciences, Universiti Malaysia Sabah 
[JKEtika 2/16 (6)].

RESULTS

The genome was sequenced until 99% 
completion of the genome using 332 times 
sequencing coverage reads. A total of 4,886,925 
paired reads (~1GB) of a 300-bp insert-size 
library was generated from Illumina HiSeq 
4000. The data sequence was deposited in the 
Sequence Read Archive (accession number 
SRR25526524) under biosample accession 
number SAMN32036409 and bio project 
accession number PRJNA908658. This whole-
genome shotgun project was deposited at 
DDBJ/ENA/GenBank under Accession No. 
JAPQYE00000000.1.
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 De novo assembly generated 90 contigs 
of 99% of the draft genome, with a genome 
size of 6,516,536 bp and an N50 value of 
404,830 bp. The GC content of the genome 
was 66.07%. The genome consisted of a total of 
6,331 genes, including 6.275 predicted coding 
sequences (CDSs) and 56 RNAs (46 tRNAs and 
10 rRNAs). 

 Phylogenetic analysis showed that M. 
iranicum strain SBH321 clustered with strains 
DSM45541 (LQPC00000000.1) from Iran and 
UM_TJL (AUWT00000000.1) from Malaysia 
(Figure 1).

Figure 1 Phylogeny of Mycobacterium species including M. iranicum SBH312 strain clustering with 
strain DSM45541 (LQPC00000000.1) from Iran and UM_TJL (AUWT00000000.1) from Malaysia

 

DISCUSSION

Genus Mycobacterium has been further 
categorized into strict pathogens 
(Mycobacterium tuberculosis complex) and 
potential pathogens (non-tuberculous 
mycobacteria, NTMs) (Chai et al., 2018). NTMs, 
also known as environmental mycobacteria, 
are widely distributed in the environment 
and are passed on to humans by ingestion, 
inhalation, and inoculation from such sources. 
M. iranicum is a species of the phylum 
actinobacteria (Gram-positive bacteria with 
high guanine and cytosine content, one of the 
dominant phyla of all bacteria), and belongs to 
the genus Mycobacterium. 

 The comparative genomic analysis of 
Malaysian clinical isolate against representative 
mycobacterial species suggests its 
environmental origin that might have evolved 
into a consequential human pathogen (Tan et 
al., 2014). M. Iranium not only has been isolated 
from the environment (Lymperopoulou et 
al., 2017) but has also recently been isolated 
from animals (Dibaj et al., 2018), indicating the 
possible emergence of a new zoonosis. There 
are a few strains of M. iranicum reported as 
clinical isolates from clinical specimens such as 
M05 (HQ009482) (Shojaei et al., 2013) and UM_
TJL (AUWT00000000.1) from Malaysia (Tan et al., 
2013; Tan et al., 2014). This report shows that M. 
iranicum is a new species of NTM, which may 
infect people by producing similar symptoms 
as M. tuberculosis. More studies are needed to 
determine whether our strain is from zoonotic 
or environmental sources.
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CONCLUSION

A new strain of M. iranicum, SBH312 was 
isolated from a suspected pulmonary 
tuberculosis patient from Sabah, Malaysia. This 
strain was closely related to the strains from 
Iran and Peninsular Malaysia. This M. iranicum 
needs further clarification of its status as an 
emerging human pathogen. Also, the clinical 
significance of this M. iranicum is still unclear.
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