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Abstract

Laboratory identification of nontuberculous mycobacteria (NTM) species is not regularly per-

formed while, they have a public health importance with a prevalence of more than 5%

among pulmonary tuberculosis (PTB) patients in Ethiopia. Hence, this study aimed to iden-

tify the NTM species and their clinical significance among PTB patients. A retrospective

study was conducted at the Ethiopian Public Health Institution’s (EPHI’s) national TB referral

laboratory. Stored NTM isolates were genotyped using GenoType Mycobacterium CM/AS

kit (Hain Life science, Germany). Data pertinent to the study was extracted from the EPHI’s

database and patients’ medical records. Between January 2 & December 28 of 2017, a total

of 3,834 samples were processed from 698 TB patients of whom 50% were female. Among

3,317 samples with mycobacterial culture results 7.3% were NTM and majority of them

were identified from smear negative TB patients. M. simiae was the /predominant NTM

among the genotyped isolates. All the studied NTM species were not clinically important

however, considering the similarity of clinical and radiologic findings between NTM and

MTBC infected patients, integrating NTM species identification in the routine TB laboratory

diagnosis may augment clinicians’ decision particularly in DR-TB patients. Additional similar

prospective study with a larger sample size is recommended. Moreover, urgent improve-

ments on patients’ record keeping practice are required in the studied hospitals.

Introduction

Non tuberculous mycobacteria (NTM) are environmental species of the genus Mycobacteria
that includes the most deadly human pathogen, Mycobacterium tuberculosis complex (MTBC)

and the disfiguring, Mycobacterium leprae [1]. NTM can be classified as a slow-growers
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including the M avium Complex (MAC) and M. simiae, that require more than seven days to

form colonies and rapid grower like M. fortuitum & M absiccuss which require less than seven

days to form colonies [2]. Majority of the NTM are recovered from environmental sources

including water and soil. Unlike other mycobacterial infections, human to human transmis-

sion of NTM is not reported. Hence, human infection is acquired from environmental expo-

sures [3]., However, whole genome sequencing and epidemiological studies have been

reported the transmission ability of NTM among cystic fibrosis patients particularly, M. absic-
cuss and MAC species [4,5].

NTMs are becoming epidemiologically important since their clinical significance is

increasingly recognised [6,7]. In Western countries, MAC [8,9] and in parts of Africa, M.

kansasi, and M. abscesses [10] have been the most common NTM species that are responsi-

ble for pulmonary infections. Unlike in developed countries, the distribution of NTM and

the prevalence of their disease are not fully understood in the developing countries, includ-

ing Ethiopia.

The similarity in signs and symptoms of pulmonary diseases caused by NTM and MTBC

actually need accurate clinical and laboratory diagnosis as well as, different drug treatment

as indicated in the American Thoracic Society or the Infectious Diseases Society of America

(ATS/IDSA) diagnostic guideline for NTM infection [11]. However, the major TB labora-

tory diagnostic tool are smear microscopy; less sensitive and GeneXpert: that could not

detect NTM and also not fully implemented in Ethiopia yet. These all-causes difficulty in

diagnosis and treatment of NTM infection particularly in smear negative PTB patients, that

have been diagnosed based on clinical and image findings, in countries like Ethiopia with a

limited laboratory infrastructure and Mycobacteria detection facilities including culture

and molecular tests.

During a routine culture isolation of MTBC, most Ethiopian mycobacterial laboratories

have been reporting NTM without further characterization to species level which is impor-

tant for determining their clinical relevance to exclude their contaminant role as well as

NTM disease management which is species specific [11]. Limited studies have shown the

occurrence and species of NTM among clinical samples [12–14] but there is no documented

data on their involvement in clinical disease in the country. Therefore, the current study

tried to identify the NTM species and their clinical significance in PTB patients and it also

described the NTM distribution with respect to demographic and some other clinical data

of PTB patients.

Methodology

A cross- sectional retrospective study was conducted on PTB patients whom, their MTB cul-

ture result were available from January 2, 2017 to December 28, 2017 in EPHI TB database.

EPHI is a national TB reference laboratory of Ethiopia that is located in the capital Addis

Ababa. Similarly, NTM species identification study was conducted using stored culture grown

isolates available during the study period. Socio-demographic, clinical and laboratory data

were extracted from the EPHI’s database and the patients’ medical record.

Subsequently, based on the recorded address of referring health facility from the EPHI data-

base NTM identified patients who were diagnosed in hospitals located in Addis Ababa were

included irrespective of the drug resistance profile for further NTM clinical importance study.

Patients ‘medical record were critically revised using a structured data collection format which

includes demographic, clinical and image findings as well as other comorbidities. Subse-

quently, clinical significance of the identified NTM species were determined based on the

ATS/ IDSA guideline [11] that includes both clinical and microbiologic findings.
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Culture identification

Respiratory samples of PTB patients that were referred to EPHI either for the diagnosis or fol-

low up purpose were subjected to culture and acid-fast staining (AFS) according to the routine

mycobacteriology laboratory analysis for TB diagnosis and MTBC isolation.

Briefly, sputum samples were treated with N-acetyl-L-cysteine-sodium hydroxide and inoc-

ulated on Lowenstein Jensen (LJ) TB culture media. Portion of the processed samples were

used for Ziehl Neelsen (ZN) staining smear microscopy analysis. Capilia TB- Neo test

(TAUNS Laboratories Inc, Numazu Japan) was done for LJ culture grown isolates to differen-

tiate whether the isolate is MTBC or NTM [15]. All the laboratory analysis were performed

based on the national guidelines for TB laboratory diagnosis [16] and the standard operational

(SOP) of EPHI.

Genotyping of the NTM

Species identification was done from stored NTM isolates using Genotype CM Ver 2.0 and

Genotype AS Ver 1.0 (Hain Life science, Germany) test kits. Initially, DNA extraction was per-

formed using heat and centrifugation after thawing and reconstructing the stored NTM iso-

lates strictly following SOP of EPHI.

DNA amplification was performed accordingly using reagents supplied with the GenoType

mycobacteria CM/ AS assay kit using a PCR thermocycler (Applied Biosystems Model 2720,

USA). Hybridization and detection procedure were performed manually using water bath with

shaker. Finally, NTM species were interpreted and decided following the manufacturer instruc-

tion. All the procedures were performed according to the SOP and manufacturer instructions

(https://www.immunodiagnostic.fi/wp-content/uploads/GenoType-CM-V2_kit-insert.pdf &

https://www.immunodiagnostic.fi/wp-content/uploads/GenoType-AS_kit-insert.pdf).

For operational reason, pulmonary TB patients were defined as TB patients diagnosed

based on the previous national guide line [16] irrespective of TB treatment history (new,

relapse, treatment failure and follow up. Similarly, clinically significant NTM were defined as

NTM species identified from PTB patients and fulfil the ATS/ IDASA NTM diagnosis criteria

[11].

Statistical analysis

Data for variable of interest were exported from the database to Microsoft excel, checked and

cleared for further statical analysis. Microsoft excel and SPSS version 25 applications were

used for the analysis and data presentation. Mean ±SD, Frequency and percentage were used

to describe the data.

Ethical considerations

The study was evaluated and approved by the Institutional Research Ethics Board of Addis

Ababa University, College of Natural Science and Ethics committee of Addis Ababa city

administration health bureau. The IRB or ethics committee waived the requirement for

informed consent since the study was a retrospective. Official latter of co-operation was writ-

ten for EPHI and respective health institutions and permission was obtained. Confidentiality

of patient’s data was maintained.

Results

From January 2, 2017 to December 28, 2017, a total of 3,834 samples were processed from 698

TB patients (50.6% female and 49.4% male) with a mean age of 32.4 (±11 SD) years. Of the
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total, 505 (76.3%) patients had a record of their address and majority of them were from Addis

Ababa City Administration 312(63.4%) and the remaining 193 patients were from the different

regions of the country; Tigray (19%), Oromia (11%), Southern Nations Nationalities and Peo-

ples (SNNP) (2.4%) and the rest accounting for the 4.2%.

The mycobacterial culture result of 3317(86.5%) samples were documented, and NTM was

isolated from 51/697(7.3%) patients and among these 6 patients had MTBC co-isolation and 8

patients had a duplicate or more isolation of NTM from their samples as presented on Fig 1.

Only one patient had extra pulmonary TB and the remaining 50 were PTB (S1 Table).

The frequency of NTM isolation was 29.4% among patients with age group 20–29 years fol-

lowed by 30–39 years 25.5% without gender difference as shown in Table 1. Out of the 51

patients 23 (45%) had a record of HIV test result and only eight (34.5%) had reactive HIV test

result. Of the t 34 patients who had a record of TB classification, 27.4% were new case and 7/51

(13.7%) were treatment frailer. Significantly, higher number of NTM were recovered from

AFB smear negative patients (82.4%) of whom 39 (92.8%) were tested for follow up purpose.

Species of NTM

A total of 71 stored NTM isolates were involved for species identification study including 21

isolates from patients diagnosed in hospitals found in Addis Ababa and 50 isolates recovered

from referral samples sent from different regions of the country. Among the 71 isolates, 25 had

a valid positive result and 18 of them were NTM and 7 were MTBC with the Genotype CM

assay. Whereas the remaining 28 isolates had a negative and 18 isolates had invalid result.

In a subsequent analysis of the 46 isolates which had either negative/ invalid result with

Genotype Mycobacteria CM assay, 21 had a valid result with Genotype Mycobacteria AS assay.

Among these 17 were positive for NTM, 3 were MTBC, and 1 isolate had a negative result.

Overall, among the 71 genotyped probable NTM isolates only 49.3% (35/71) NTM and 14.1%

(10/71) were MTBC and the remaining 1 sample had a negative result 25(35.21%) samples had

invalid by both the Genotype mycobacterial CM/AS assay.

The NTM genotyped in this study were grouped in to nine species, 7 from slow grower and

2 from rapid grower. M simiae 43% (15/35) was the most frequently isolated slow grower NTM

species followed by M abscessus 14% (5/35) a rapid grower NTM species as shown in Fig 2.

Fig 1. Flow chart of PTB patient and sample identification with NTM and MTBC.

https://doi.org/10.1371/journal.pone.0275159.g001
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Table 1. Frequency distribution NTM isolation among PTB patients at EPHI Ethiopia.

Study variables Frequency Percent (%)

Gender Women 26 51

Men 25 49

NR 2 3.9

Total 51 100

Age group </ = 19 10 19.6

20–29 15 29.4

30–39 13 25.5

40–49 5 9.8

50–59 3 5.9

>/ = 60 3 5.9

Total 51 100

HIV status Non-reactive 15 29.4

Reactive 8 15.7

NR 28 54.9

Total 51 100

TB classification New 14 27.5

Relapse 12 23.5

Default 1 2

Treatment failure 7 13.7

NR 17 33.3

Total 51 100

Reason for test Diagnosis 6 11.8

Follow up� 39 76.5

NR 6 11.8

Total 51 100

AFB smear result Negative 42 82.4

Positive 9 17.6

Total 51 100

�Includes all patients referred for MTBC culture after starting anti TB drug treatment irrespective of the follow up month, NR: Not recorded.

https://doi.org/10.1371/journal.pone.0275159.t001

Fig 2. NTM species isolated from PTB patients at EPHI, Ethiopia.

https://doi.org/10.1371/journal.pone.0275159.g002
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Clinical significance of NTM

Fifteen patients (15/35) whom NTM species were identified from their sputum sample and got

treated for PTB in hospitals located in Addis Ababa city were involved for the NTM clinical

significance assessment. The medical record of only 6/15(40%) patients were available and

reviewed accordingly. Of these 5 of them were follow up cases and also treated for multi drug

resistant TB (MDR-TB) as shown in Table 2. Whereas the medical record of 5 patients were

not allowed to be reviewed because of their involvement in another clinical trial study per-

formed by WHO and medical record of 4 patients were not found.

Based on the ATS/IDSA NTM disease diagnostic criteria NTM species identified from four

patients were not found to be clinically important. Because, these patients had a favourable

anti-TB drug treatment outcome and NTM was identified only from a single clinical sample.

The importance of the NTM was not determined in two patients, since they did not fulfil the

minimum criteria of AST/IDSA. The clinical and microbiological information of the patients

are shown in Table 2.

Discussion

The current study aimed to elucidate the frequency and types of NTM species isolated from

PTB patients and their clinical importance in which published data is very scars, especially in

Ethiopia. The NTM prevalence among TB patients was found to be 7.3% which is similar with

a previous study from the same institution (6%) [17] but lower than recent study reported

Table 2. Patients clinical and microbiologic characteristics according to the AST diagnostic guide line.
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1 M scrofulaceum Negative New case 2nd line NR Cough, Chest

pain, weight

loss

NR Improved with

anti- TB

drug treatment

Only from

single sputum

ND ND CNI

2 M szulgai Negative Treatment

failure

1st&2nd

line

NR NR cured with anti-TB

drug treatment

Only from

single sputum

ND ND CNI

3 M abscessus Negative New case 2nd line DMII Cough, weight

loss

NR Improved with anti-

TB drug treatment

Only from

single sputum

ND ND CNI

4 M fortuitum Negative Treatment

failure

1st&2nd

line

NR Cough, chest

pain

NR NR Only from

single sputum

ND ND ND

5 M simiae Negative Treatment

failure

2nd line NR Cough, chest

pain, fever,

weight loss,

fatigue

NR Improved with anti

-TB drug treatment

Only from

single sputum

ND ND CNI

6 M simiae Positive Relapse NR NR Cough, chest

pain, fatigue

NR NR Only from

single sputum

ND ND ND

NR; Not recorded, CNI; Clinically not important based on the stated criteria of ATS.

https://doi.org/10.1371/journal.pone.0275159.t002
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from St. Paul’s Hospital Millennium Medical College, A.A, Ethiopia, 10.3% [13], Tanzania,

9.7% [18] and India, 8.6% [19]. The discordance in the magnitude of isolation from Ethiopian

study may be due to the difference in the study period, population, (PTB patient versus PTB

suspects) and country versus city. However, more than 5% prevalence findings of all these

studies, may show that the increasing occurrence of NTM isolation among TB patients in addi-

tion to its public health importance in Ethiopia and other developing countries.

A higher frequency of NTM was found in younger age group without gender and HIV sta-

tus difference, which is different from other studies. The proportion of NTM were higher

among older age group and male gender in a study report from India [19]. Similarly, the fre-

quency of NTM isolation among HIV positive patients were higher in Tanzania, Ghana, and

Zambia [18,20,21]. The difference could be due to study design applied in the current study in

which the primary purpose of the collected data was detecting TB that was characterized by

the dominancy of younger age group [22]. However, it is known that HIV and older age group

compromises host immune status and make individuals more susceptible to NTM infection.

Unlike women, men’s’ frequent exposure to outdoor activities may increase their exposure to

NTM, which primarily recovered from the environment hence given the name ‘environmental

mycobacteria’ [23].

Majority of NTM were recovered from TB patients with AFB smear negative result, which

is in agreement with reports from Ethiopian TB prevalence survey [24]. However majority of

study population in the current study were follow up cases started anti-TB drug treatment

which may eradicate the TB bacilli and resulted a negative smear result. Therefore, the source

of culture grown NTM recovered from smear negative patients might be a contamination

from the environment since, M. simiae the most frequent species in this study which is primely

found in water [11]. Otherwise, the smear negativity might be due to the lower sensitivity of

AFS for mycobacteria detection plus the strong decolourizing reagent used for the staining

procedure which couldn’t resisted by majority of rapidly growing NTM species may contribute

for the negative smear microscopy result [25].

MAC was the first most frequently isolated NTM in majority of studies conducted in both

developed and developing countries, Africa [9]. Whereas, in the current study M. simiae was

the predominant isolate. This is different from other study reports from Ethiopia, Adama,

MAC [14]; Addis Ababa, M. peregrinum [13], Jimma [26] and Kenya M. fortuitum [27], India;

M. avium [28] and Gabon; M. intracellulare [29] were the predominant NTM species. How-

ever, it is similar with studies reported from Pakistan & Iran [30,31].

It is obvious that, NTM are not communicable contrasting to MTBC and their distribution

varies with respect to time, geographical location and the studied population [23]. For

instance, Ethiopian (Jimma) and Kenyan studies were conducted on infants and both found

M. fortuitum as the most frequent species. On the other hand, M. simiae the predominant

NTM in the current study may perhaps becoming a growing NTM recovered from adult PTB

patients similar with the ongoing reports from developing world including Asian countries in

recent years [31]. In support of this argument, M. simiae was isolated from MDR TB patient

putted on second line anti TB drug treatment in the current study. Emphasizing that the simi-

larity of M.simiae pulmonary infection with PTB clinical presentation, radiologic findings plus

its culture growth characteristics.

M. absiccuss complex was the second most frequently isolated NTM species in this study

which was different from the study reports from Ethiopia [13] and India that was M. intracellu-
lare [28], Kenya M. scrofulaceum [27] and Iran M. fortuitum [31] but similar with a study

report from China [32]. This variation could be due to the difference in the study population:

suspects in Indian study vs patient in the current and the other study from China [32]. Never-

theless, it is well understood that M. absiccuss is the most frequent RGM NTM (80%) isolated
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from pulmonary samples and associated with clinical diseases [11]. Beside it is the only NTM

that had the transmissible ability among cystic fibrosis patients other than MAC [4,5].

M. fortuitum was the third most frequent isolate in this study, which is different from stud-

ies conducted in Ethiopia Adama, M. absiccuss[14] and M. kansasi in China and Iran [31,32].

Similarly, the above-mentioned factors may contribute for the variation between the study

reports. Nonetheless, M. fortuitum was the predominant NTM isolate from pulmonary sam-

ples from infants [26,27] that may need critical assessment on its clinical importance if it is

recovered from in this group of population.

For patients who had clinical and microbiologic information, clinical importance of the

identified NTM species were determined based on ATS/IDSA NTM diagnosis criteria. Thus,

none of the isolated NTM species were clinically important after critical assessment of individ-

ual patients accordingly. This may emphasize that MTBC is the primary pathogen yet in

patients with pulmonary symptoms in Ethiopia as evidenced by the favourable ant- TB drug

treatment outcome among aa the study participants. Otherwise, it could be due to the lower

sample size and retrospective study design that limited the necessary information required to

evaluate the identified NTM species.

However, different study reports confirmed that, all of the clinically evaluated NTM species

M. abscessus, M. fortuitum [33], M. simiae, and M. szulgai have been involved in pulmonary

infections particularly in immunocompromised individuals except M. abscessus M. fortuitum
which may cause infection irrespective of individuals immune status [34–37].

The cautious finding of this study was majority of the patients were treated for MDRTB

and a recent study report showed that how strong was the clinical, radiological and laboratory

findings similarities between MDR and NTM pulmonary infections [38] and NTM patients

were treated as MDR TB [39]. Indicating the need for definite diagnosis PTB confirmed by lab-

oratory tests including species identification of the isolated NTM. Unfortunately, clinical sig-

nificance of the identified NTM was assessed only for 4 patients out of the 35 whereas the

remaining 31 patients medical record were not accessible and/or available in the current study.

Genotyping of NTM from larger sample size, and the clinical importance study in PTB

patients may be for the first time in the study area, which can be used as a base line for future

studies, could be some of the strengths of the current study. On the other hand, the retrospective

nature of the current study, hindered majority of the patients identified with NTM to be

included in the clinical importance study. This may obscure the actual occurrence of NTM clin-

ical disease in the study area. Similarly, the genotyping of NTM directly from stored isolates col-

lected in routine MTBC culture procedure and the genotyping test less sensitive for some NTM

species, may lowered the reported frequency and species of NTM isolated among PTB patients.

Conclusion

A significant number of NTM were identified among PTB patients and M. simie was the pre-

dominant species in the current study. None of the NTM species assessed for clinical signifi-

cance were important in this study however, additional prospective study with larger sample

size in order to get the full picture of NTM infection in the study area is recommended. In the

current study, poor recording and record keeping practices were observed which need urgent

measures particularly documenting all TB related clinical, laboratory and radiographic find-

ings in the studied hospitals in order to utilize for future studies like this.

Supporting information

S1 Table. Characterstics of patients identified with NTM.

(DOCX)

PLOS ONE Genotype and clinical importance of NTM among PTB patients in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0275159 September 26, 2022 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275159.s001
https://doi.org/10.1371/journal.pone.0275159


Acknowledgments

The authors would like to thank EPHI data management staffs especially Mr Solomon and

Mrs Mahlet for their cooperation during data base mining.

Author Contributions

Conceptualization: Abebaw Kebede, Beyene Petros.

Data curation: Alem Alemayehu, Abebaw Kebede, Sebsib Neway.

Formal analysis: Alem Alemayehu, Abebaw Kebede.

Investigation: Alem Alemayehu, Abebaw Kebede, Efrem Tesfaye, Betselot Zerihun, Melak

Getu.

Methodology: Alem Alemayehu, Abebaw Kebede, Beyene Petros.

Supervision: Beyene Petros.

Writing – original draft: Alem Alemayehu, Abebaw Kebede, Beyene Petros.

Writing – review & editing: Alem Alemayehu, Abebaw Kebede, Sebsib Neway, Efrem Tesfaye,

Betselot Zerihun, Beyene Petros.

References
1. Gupta RS, Lo B, Son J. Phylogenomics and comparative genomic studies robustly support division of

the genus mycobacterium into an emended genus mycobacterium and four novel genera. Frontiers in

microbiology. 2018; 9:67. https://doi.org/10.3389/fmicb.2018.00067 PMID: 29497402

2. Schiff HF, Jones S, Achaiah A, Pereira A, Stait G, Green B. Clinical relevance of non-tuberculous myco-

bacteria isolated from respiratory specimens: Seven year experience in a uk hospital. Scientific reports.

2019; 9(1):1730. https://doi.org/10.1038/s41598-018-37350-8 PMID: 30741969

3. Covert TC, Rodgers MR, Reyes AL, Stelma GN Jr., Occurrence of nontuberculous mycobacteria in

environmental samples. Appl Environ Microbiol. 1999; 65(6):2492–6.

4. Bryant JM, Grogono DM, Greaves D, Foweraker J, Roddick I, Inns T, et al. Whole-genome sequencing

to identify transmission of mycobacterium abscessus between patients with cystic fibrosis: A retrospec-

tive cohort study. Lancet (London, England). 2013; 381(9877):1551–60. https://doi.org/10.1016/S0140-

6736(13)60632-7 PMID: 23541540

5. Hasan NA, Davidson RM, Epperson LE, Kammlade SM, Beagle S, Levin AR, et al. Population geno-

mics and inference of mycobacterium avium complex clusters in cystic fibrosis care centers, united

states. Emerging infectious diseases. 2021; 27(11):2836–46. https://doi.org/10.3201/eid2711.210124

PMID: 34670648

6. Ratnatunga CN, Lutzky VP, Kupz A, Doolan DL, Reid DW, Field M, et al. The rise of non-tuberculosis

mycobacterial lung disease. Frontiers in Immunology. 2020; 11(303). https://doi.org/10.3389/fimmu.

2020.00303 PMID: 32194556

7. Lin C, Russell C, Soll B, Chow D, Bamrah S, Brostrom R, et al. Increasing prevalence of nontuberculous

mycobacteria in respiratory specimens from us-affiliated pacific island jurisdictions(1). Emerg Infect Dis.

2018; 24(3):485–91. https://doi.org/10.3201/eid2403.171301 PMID: 29460734

8. Lee Y-M, Kim M-J, Kim Y-J. Increasing trend of nontuberculous mycobacteria isolation in a referral clini-

cal laboratory in south korea. Medicina. 2021; 57(7):720. https://doi.org/10.3390/medicina57070720

PMID: 34357001

9. Gopalaswamy R, Shanmugam S, Mondal R, Subbian S. Of tuberculosis and non-tuberculous mycobac-

terial infections–a comparative analysis of epidemiology, diagnosis and treatment. Journal of biomedi-

cal science. 2020; 27(1):1–17.

10. Okoi C, Anderson STB, Antonio M, Mulwa SN, Gehre F, Adetifa IMO. Non-tuberculous mycobacteria

isolated from pulmonary samples in sub-saharan africa—a systematic review and meta analyses.

2017; 7(1):12002.

11. Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C, Gordin F, et al. An official ats/idsa state-

ment: Diagnosis, treatment, and prevention of nontuberculous mycobacterial diseases. American

PLOS ONE Genotype and clinical importance of NTM among PTB patients in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0275159 September 26, 2022 9 / 11

https://doi.org/10.3389/fmicb.2018.00067
http://www.ncbi.nlm.nih.gov/pubmed/29497402
https://doi.org/10.1038/s41598-018-37350-8
http://www.ncbi.nlm.nih.gov/pubmed/30741969
https://doi.org/10.1016/S0140-6736(13)60632-7
https://doi.org/10.1016/S0140-6736(13)60632-7
http://www.ncbi.nlm.nih.gov/pubmed/23541540
https://doi.org/10.3201/eid2711.210124
http://www.ncbi.nlm.nih.gov/pubmed/34670648
https://doi.org/10.3389/fimmu.2020.00303
https://doi.org/10.3389/fimmu.2020.00303
http://www.ncbi.nlm.nih.gov/pubmed/32194556
https://doi.org/10.3201/eid2403.171301
http://www.ncbi.nlm.nih.gov/pubmed/29460734
https://doi.org/10.3390/medicina57070720
http://www.ncbi.nlm.nih.gov/pubmed/34357001
https://doi.org/10.1371/journal.pone.0275159


journal of respiratory and critical care medicine. 2007; 175(4):367–416. https://doi.org/10.1164/rccm.

200604-571ST PMID: 17277290

12. Legesse M, Mamo G, Ameni G, Medhin G, Bjune G, Abebe F. Community-based prevalence of undiag-

nosed mycobacterial diseases in the afar region, north-east ethiopia. Int J Mycobacteriol. 2013; 2

(2):94–102. https://doi.org/10.1016/j.ijmyco.2013.04.001 PMID: 26785896

13. Kahase D, Desta K, Yaregal Z, Yenew B, Driba G, Molalign H, et al. Mycobacterium tuberculosis and

nontuberculous mycobacteria isolates from presumptive pulmonary tuberculosis patients attending a

tertiary hospital in addis ababa, ethiopia. Ethiopian Journal of Health Sciences. 2021; 31(1). https://doi.

org/10.4314/ejhs.v31i1.3 PMID: 34158748

14. Agonafir M, Feleke A, Belay G. Identification of non-tuberculous mycobacteria from clinical specimens

referred to adama tb reference laboratory, ethiopia. Ethiopian Journal of Biological Sciences. 2020; 19

(2):145–57.

15. Arora J, Singhal R, Bhalla M, Reza S, Visalakshi P, Behera D, et al. Diagnostic utility of capilia tb assay

for identification of mycobacterium tuberculosis complex. Current Research in Tuberculosis. 2012;

4:13–8.

16. MoH. Guidelines for management of tb, dr-tb and leprosy in ethiopia: Sixth edition 2017.

17. Mathewos B, Kebede N, Kassa T, Mihret A, Getahun M. Characterization of mycobacterium isolates

from pulmomary tuberculosis suspected cases visiting tuberculosis reference laboratory at ethiopian

health and nutrition research institute, addis ababa ethiopia: A cross sectional study. Asian Pacific jour-

nal of tropical medicine. 2015; 8(1):35–40. https://doi.org/10.1016/S1995-7645(14)60184-X PMID:

25901922

18. Hoza A, Mfinanga S, Rodloff A, Moser I, König B. Increased isolation of nontuberculous mycobacteria

among tb suspects in northeastern, tanzania: Public health and diagnostic implications for control pro-

grammes. BMC Res Notes 2016; 9:109. https://doi.org/10.1186/s13104-016-1928-3 PMID: 26887928

19. Umrao J, Singh D, Zia A, Saxena S, Sarsaiya S, Singh S, et al. Prevalence and species spectrum of

both pulmonary and extrapulmonary nontuberculous mycobacteria isolates at a tertiary care center.

International Journal of Mycobacteriology. 2016; 5(3):288–93. https://doi.org/10.1016/j.ijmyco.2016.06.

008 PMID: 27847012

20. Otchere I, Asante-Poku A, Osei-Wusu S, Aboagye S, Yeboah-Manu D. Isolation and characterization

of nontuberculous mycobacteria from patients with pulmonary tuberculosis in ghana. Int J Mycobacter-

iol. 2017; 6(1):70–5. https://doi.org/10.4103/2212-5531.201895 PMID: 28317808

21. Chanda-Kapata P, Kapata N, Klinkenberg E, Mulenga L, Tembo M, Katemangwe P, et al. Non-

tuberculous mycobacteria (ntm) in zambia: Prevalence, clinical, radiological and microbiological

characteristics. BMC infectious diseases. 2015; 15:500. https://doi.org/10.1186/s12879-015-1264-6

PMID: 26545357

22. WHO. Global tuberculosis report 2021. Geneva swizerland: World health organization 2021.

9240029435.

23. Honda JR, Virdi R, Chan ED. Global environmental nontuberculous mycobacteria and their contempo-

raneous man-made and natural niches. Frontiers in Microbiology. 2018; 9(2029). https://doi.org/10.

3389/fmicb.2018.02029 PMID: 30214436

24. Kebede AH, Alebachew Z, Tsegaye F, Lemma E, Abebe A, Agonafir M, et al. The first population-

based national tuberculosis prevalence survey in ethiopia, 2010–2011. The international journal of

tuberculosis and lung disease: the official journal of the International Union against Tuberculosis and

Lung Disease. 2014; 18(6):635–9.

25. Singhal R, Myneedu VP. Microscopy as a diagnostic tool in pulmonary tuberculosis. International Jour-

nal of Mycobacteriology. 2015; 4(1):1–6. https://doi.org/10.1016/j.ijmyco.2014.12.006 PMID: 26655191

26. Workalemahu B, Berg S, Tsegaye W, Abdissa A, Girma T, Abebe M, et al. Genotype diversity of myco-

bacterium isolates from children in jimma, ethiopia. BMC Research Notes. 2013; 6(1):352. https://doi.

org/10.1186/1756-0500-6-352 PMID: 24007374

27. Kaguthi G, Nduba V, Murithi W, Verver S. The incidence of non-tuberculous mycobacteria in infants in

kenya. Journal of Tropical Medicine. 2019; 2019:1273235. https://doi.org/10.1155/2019/1273235

PMID: 31354843

28. Thangavelu K, Krishnakumariamma K, Pallam G, Prakash DD, Chandrashekar L, Kalaiarasan E, et al.

Prevalence and speciation of non-tuberculous mycobacteria among pulmonary and extrapulmonary

tuberculosis suspects in south india. Journal of Infection and Public Health. 2021; 14(3):320–3. https://

doi.org/10.1016/j.jiph.2020.12.027 PMID: 33618276

29. Epola Dibamba Ndanga M, Achimi Agbo Abdul JBP, Edoa JR, Chester Mevyann R, Adegbite BR,

Mfoumbi A, et al. Non-tuberculous mycobacteria isolation from presumptive tuberculosis patients in
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