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Abstract

Background Cameroon is a tuberculosis (TB) burden country with a 12% positivity among TB presumptive cases.
Of the presumptive cases with a negative TB test, some are infected with Non-tuberculous Mycobacteria (NTM).
However, the diagnosis of NTM infections remains difficult due to the lack of tools in many laboratories, particularly
in resource limited laboratories and remote setting. The present study was undertaken to determine NTM profile
and associated comorbidities among TB presumptive people.

Methods A retrospective study was conducted from December 2018 to December 2019 in the Tuberculosis-National
Reference Laboratory (TB-NRL) for Bacteriological analysis of samples and Jamot Hospital of Yaounde (JHY) for clinical
evaluation of confirmed NTM patients.

We included in this study data of 5267 TB presumptive people previously diagnosed using three consecutive sam-
ples and having culture and SD Bioline results with or without Microscopy and reverse hybridization-based Line
Probe Assay(LPA) results. The data on co-morbidities or history of people infected with NTM were then collected
from the three participants with available clinical data.

Results We collected data of 5267 presumptive TB people. Among them, 3436 (65.24%), have a positive culture
with 3200 (60.75%) isolates belong to Mycobacterium tuberculosis Complex (MBTC) and 236 (4.48%) to NTM. Our
results showed that, 123 (52.11%) NTM were isolated from people with negative microscopy and 113 (47.88%)

from people with positive microscopy. Among the 236 NTM, 108 (45.8%) isolates were identified using LPA. M.
fortuitum was the most represented species (32.41%) followed by M. intracellulare (19.44%). Sputum had the highest
proportion of NTM (56%), followed by bronchial aspirations (31%). The extra-pulmonary samples presented lower
proportions of isolates compared to pulmonary samples. Some patients affected with NTM presented comorbidities
as HIV infection, Pulmonary tuberculosis, Type 2 diabetes, Chronic bronchitis and Alveolar pneumonia.

Conclusions Our study showed the presence of NTM strains among presumptive TB people with a predominance
of M. fortuitum and M. intracellulare. It is important to implement a surveillance system of NTM in TB burden country
and also to develop a point-of-care test for NTM identification in limited-resource settings.
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Background

NTM include all mycobacteria other than the species
belonging to the MBTC and Mycobacterium leprae. They
are ubiquitous environmental but some species cause
opportunistic infections in animals and humans [1]. The
incidence of NTM-related death has increased world-
wide [2]. The clinically most important species include
Mycobacterium abscessus, Mycobacterium avium com-
plex, Mycobacterium kansasii, Mpycobacterium mal-
moense and Mycobacterium xenopi. Like Mycobacterium
tuberculosis Complex (MBTC), NTM cause pulmonary
and extra-pulmonary infections. The number of diseases
caused by NTM has increased dramatically in HIV peo-
ple [3]. The most common clinical forms of NTM infec-
tions are pulmonary infections followed by lymphatic
and tissue damage and disseminated infections [4]. These
infections have clinical and paraclinical similarities with
infections caused by Mycobacterium tuberculosis species.
This causes confusion in the diagnosis, representing a
real problem to the care of patients, especially since the
treatment differs from NTM to MBTC. Previous stud-
ies reported the emergence of NTM in others countries.
The study of Shahraki et al., shows that among suspected
multidrug-resistant TB patients who did not respond to
2-3 months of treatment with first-line anti-TB drugs,
about 30% were actually infected with NTM [5].

Several authors have published data on the diagnosis,
signs, symptoms and management of Mycobacterium
tuberculosis infections. WHO regularly publishes up-to-
date data on TB prevalence and incidence in most coun-
tries around the world and these countries, including
Cameroon have a TB surveillance network [6]. Despite
the serious infections caused by NTM and the emergence
of resistant strains, WHO has not created a platform for
NTM surveillance like the one for TB and the data on
NTM infections are not sufficiently documented as those
of Mycobacterium tuberculosis. In Cameroon, surveil-
lance of mycobacterial infections does not include NTM
infections and there are almost no studies highlighting
the NTM species circulating in Cameroon and associated
comorbidities. The aim of this work was to determine the
frequency of NTM and associated comorbidities in pre-
sumptive TB people.

Methods

Study design and data collection

A retrospective study was conducted from December
2018 to December 2019. Data from September 2016 to

December 2019 on TB status were extracted from the
registers in TB-NRL. We included in this study data
of 5267 TB presumptive people previously diagnosed
using three consecutive samples and having culture
and SD Bioline results with or without Microscopy and
reverse hybridization-based LPA (GenoType Mycobac-
terium CM and GenoType Mycobacterium AS) results.
The data on comorbidities and history of people
infected with NTM were then checked (Fig. 1).

Study location

The study was conducted at the TB-NRL for Bacterio-
logical analysis of samples and JHY for clinical evalua-
tion of confirmed NTM patients.

The TB-NRL is located at the Mycobacteriology Unit
of the Centre Pasteur du Cameroun (CPC). The TB-
NRL have a technical platform for TB bacteriological
analysis using WHO recommended rapid diagnosis
(WRD), TB-LAMP and Xpert MTB/ RIF; BACTEC
MGIT 960 for Culture and drug susceptibility testing
(DST) and NTM bacteriological analysis using reverse
hybridization-based LPA, GenoType Mycobacterium
CM and GenoType Mycobacterium AS (Hain Lifes-
cience, Nehren Germany). This laboratory received
samples from presumptive TB and NTM cases coming
from about 93 Diagnosis and Treatment Centers (DTC)
from 03 regions of Cameroon (Centre, Est and South)
for Culture and DST analysis.

The JHY is a reference hospital for pneumology and
a DTC of Yaounde and its surrounding areas. JHY is
also specialized in the management of patients infected
with multi-drug-resistant M. tuberculosis. The hospital
provides diagnostic tests for TB using sputum smear
microscopy and TB-LAMP tests.

The CPC and Jamot hospital are in close vicinity and
have a long history of collaborative research.

Routine laboratory process

Microscopy

Microscopy was performed as described previously by
Donfack et al. [7]. Sample was first smeared on a glass
slide and fixation was conducted by heating on the fire.
This was then flooded with auramine followed by ade-
quate rinsing with water and discoloration with acid-
alcohol solution (3% V/V). It was then rinsed well with
water, stained with methylene blue (1% V/V), dryed and
visualized under fluorescence microscopy.
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Fig. 1 Flow diagram showing study population

TB-LAMP assay

The test was carried out with the HumaLoop T(Eiken
Chemical Company Ltd, Japan) according to the WHO
guideline [8]. The 60 pul sample was transferred to a heat-
ing tube and incubated at 90 °C for 5 min. After inactiva-
tion, the sample was mixed well with absorption powder
and 30-pL DNA solution was extracted and placed in a
reaction tube, and loop-mediated isothermal amplifica-
tion was performed at 67 °C for 40 min. A positive con-
trol tube containing sputum with AFB and a negative
control tube containing bacilli-free artificial sputum were
used for each manipulation. Positive result was charac-
terized by the presence of strong fluorescence in the tube,
which was not released from the negative reaction.

Xpert MTB/RIF assay
The Xpert MTB/RIF assay was performed according to
manufacturer’s instruction [9]. Sample reagent was added

using a double volume of the sample, homogenized and
incubated for 15 min at room temperature with mixing
intervals. After inactivation, 2 ml of the treated sample
was transferred to the cartridge containing all the reac-
tion mixture and loaded to the GeneXpert instrument.
An automatic process completed the remaining assay
steps and the results were interpreted.

Culture

The culture was carried out using the automated system
BACTEC MGIT 960 Mpycobacteria detection system
as recommended by the manufacturer. Samples were
decontaminated in N-acetyl-l-cysteine-sodium hydrox-
ide and 500 pL of the decontaminated sample was inocu-
lated into a MGIT medium, incubated for 42 days in the
MGIT"™ 960™ instrument and the appearance of the col-
onies was then observed [10].
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Identification of Mycobacterium tuberculosis complex
Immunological identification of isolates was done by
rapid detection of MPT64 antigen with the immunochro-
matographic assay, (SD Bioline assay, Kyonggi, Korea).
The SD Bioline assay was performed with acid fast bacilli
in MGIT medium as described by the manufacturer [11].
A positive test confirmed the species of MBTC. All cul-
ture isolates which were negative for immunochromato-
graphic assay were submitted for NTM identification.

Hybridization-based line probe assay

Culture isolates with a negative results for SD Bioline
assay were processed first for primary identification using
reverse hybridization-based line probe assay, GenoType
Mycobacterium CM (Hain Lifescience, Nehren Ger-
many), then the GenoType Mycobacterium AS for culture
isolates which were negative to GenoType Mycobacte-
rium CM. The process was performed as recommended
by the manufacturer and was consisted of an extraction,
amplification and hybridization [12].

Statistical analysis

Data was entered into the software Excel 2010 and vali-
dated by double entry and comparison. The frequencies
were determined and the graphs were then plotted.

Ethics approval

This study was approved by the Cameroon National Eth-
ics Committee for Human Health Research under the
number N°2017/02/872/CE/CNERSH/SP. Patient identi-
fying information was removed prior to analysis. As this
was a study of routinely collected data, patient consent
was not required.
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Results

We collected the data of 5267 presumptive TB people.
Among these, 3436 have a positive culture (65.23%) of
which 3200 (60.75%) isolates belonged to MBTC, 236
(4.48%) had a negative SD Bioline assay and were con-
sidered as NTM strains. Among these 236 NTM, 123
(52.11%) were isolated from people with negative micros-
copy and 113 (47.88%) from people with positive micros-
copy. The data on GenoType Mycobacterium CM and
GenoType Mycobacterium AS of 128 (54.2%) isolates
were not available and the data of 108 (45.8%) isolates
were available of which 104 (96.29%) were identified. Of
the 236 participants infected with NTM, sociodemo-
graphic data were available for 113 participants includ-
ing 38.05% women and 61.94% men. The average age was
43.92+19.30 years.

Figure 2 showed the frequency of infected people
according to the age class. Adults were the most infected
(24.30%), followed by older adults (14.95%).

Figure 3 shows the frequency of species among NTM.
M. fortuitum was the most represented species (32.41%)
followed by M. intracellulare (19.44%), M. absces-
sus (10.2%), M. avium (9.26%) and Mycobacterium sp
(12.96%). Around 4 (3.7%) NTM were not identified with
the LPA.

In this study 90.67% of NTM were isolated from pul-
monary samples and 9.33% from extrapulmonary sam-
ples. Table 1 shows the proportion of NTM according
to the samples. Sputum had the highest proportion of
species with 60 NTM (56%), followed by bronchial aspi-
rations with 34 NTM (31%), gastric tubing with 6 NTM
(6%) and nasopharyngeal aspirations with 4 NTM (3%).
On the other hand, the extra-pulmonary samples pre-
sented low proportions of isolates with frequencies of

30-44 45-60 60+

Age class (Years)

Fig. 2 Distribution of NTM according to age class
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Fig. 3 Frequency of species among NTM
Table 1 Frequency of NTM according to samples types
Stools  Bronchial aspiration = Nasopaharyngeal Sputum Broncho alveolar Biopsy Gastrictubing Pus
N=1 N=34 aspiration N=60 N=1 N=1 N=6 N=1
N=4
M. Fortuitum 0(0) 10(2941) 0(0) 24(40) 0(0) 0(0) 1(16.66) 0(0)
M. celatum 0(0) 1(2.94) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
M. Kansasii 0(0) 1(2.94) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
M. avium 0(0) 4(11.76) 0(0) 3(5) 0(0) 0(0) 3(50) 0(0)
M. intracellulare 0(0) 6(11.64) 2(50) 12(20) 0(0) 0(0) 1(16.66) 0(0)
M. mucogenicum 0(0) 0(0) 0(0) 3(5) 0(0) 0(0) 0(0) 0(0)
M. shimoidei 0(0) 0(0) 0(0) 1(1.66) 0(0) 0(0) 0(0) 0(0)
M. asiaticum 0(0) 0(0) 0(0) 1(1.66) 0(0) 0(0) 0(0) 0(0)
M.gordonae 0(0) 0(0) 0(0) 2(3.33) 0(0) 0(0) 0(0) 0(0)
M.simiae 0(0) 0(0) 0(0) 0(0) 1(100) 0(0) 0(0) 0(0)
M. abscessus 1(100)  1(2.94) 2(50) 6(10) 0(0) 1(100) 0(0) 0(0)
M.goodii 0(0) 1(2.94) 0(0) 1(1.66) 0(0) 0(0) 0(0) 0(0)
Mycobacterium. Spp ~ 0(0) 6(11.64) 0(0) 7(11.66) 0(0) 0(0) 1(16.66) 1(100)
Others 0(0) 4(11.76) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

1(1%) for the stools, 1(1%) for the pus and 1(1%) for the
biopsy.

Among the people presenting NTM infections, data on
medical history or comorbidities of only 3 participants
were available. The three participants presented in the
past respiratory diseases. The respiratory diseases were
pulmonary tuberculosis in one patient, chronic bronchi-
tis in the second, chronic bronchitis and alveolar pneu-
monia in the third. One of the infected participants was a

person living with HIV and another had type 2 diabetes.
The average age of these 3 patients was 47.3 years.

Discussion

In Cameroon, the National Tuberculosis Control Pro-
gram continuously monitors infections caused by M.
tuberculosis and the resistance of these strains to anti-
tuberculosis drugs. Distinguishing NTM from TB pre-
sumptive people is a major challenge, which requires
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sensitive test. In the present study, 236 (4.5%) people with
positive cultures in the BACTEC MGIT 960 instrument
who were initially presumed to have TB, were infected
with NTM. These findings demonstrated that we need
to find NTM strains in TB presumptive people who have
a negative TB test. These results are lower than those
obtained in northern India, which presented a NTM fre-
quency of 29% between 2013 and 2015 [13]. The low fre-
quency of NTM in our study may be due to the fact that
the data were collected only from TB-NRL which is one
of two laboratories which perform LPA for NTM identifi-
cation in Cameroon. In addition, this low frequency could
be also due to the lack of reagents, because 128 NTM
strains out of 236 were not identified. The similarity of
symptoms between TB and NTM infections can lead to
overlooking of NTM infections. Microscopy which is the
most widely used test in limited resource laboratories,
does not distinguish NTM from MBTC. This is why it is
necessary to have a good system for transporting samples
from remote settings to the TB-NRL where LPA is avail-
able. In our study, 47, 88% NTM were isolated among
sample with positive microscopy and 52.11% NTM
were isolated among samples with negative microscopy
although microscopy was repeated using three samples
from each patient. These findings demonstrated that
NTM-infected patients may be wrongly diagnosed in
remote laboratory where only microscopy is used as ini-
tial diagnostic test for TB. Consequently, some patients
infected with NTM and with negative microscopy would
not be treated while some patients infected with NTM
and with positive microscopy would be treated as TB
patient. This can lead to unfavorable outcomes, increased
morbidity and risk of mortality. Previous study con-
ducted in Pakistan also demonstrated the isolation of
NTM (6%) among people with negative microscopy [14].
Our findings demonstrated the diagnosis value of culture
considered as gold standard, and highlight the usefulness
of reverse hybridization-based line probe assay, Geno-
Type Mycobacterium CM and GenoType Mycobacterium
AS to diagnose NTM infections among presumptive TB
people. However, these tests are expensive, require infra-
structure and qualified staff. The development of a point
of care test for NTM diagnosis will be helpful in labora-
tories with limited resources. Some countries like China
revealed an increase in the prevalence of NTM strains
from 4.3% in 1979 to 22.9% in 2010 through the surveil-
lance system [15]. These findings demonstrates the need
to monitor NTM infections in presumptive TB people
with a negative TB test and the need to implement a sur-
veillance system with a good transport system for sam-
ples from limited resource laboratories to the TB-NRL.
Our study showed that M. fortuitum was the most
represented specie with a frequency of 32.41% followed
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by M. intracellulare with a frequency of 19.44%. The
results obtained by Karamat et al. in Pakistan revealed
that M. avium complex (55%) and M. abscessus (25%)
were the most represented in pulmonary and extrapul-
monary samples [14]. These findings showed that epi-
demiology of NTM infections in Cameroon differs
from data obtained in other countries.

The largest proportion of strains was isolated from
pulmonary samples with 56% isolated from sputum,
followed by 31% isolated from bronchial aspirates
(31%). These results are similar to those obtained by
Gonzalo et al. in Uruguay [16], which found that pul-
monary swabs had the highest proportions of NTM
although the proportion of sputum was higher (66.6%)
compared to the findings obtained in our study. Studies
conducted by Ali et al. [17], in Iran also revealed that
the highest frequency of NTM was found in pulmonary
sample (27.1%).

The search for comorbidities was carried out only on
three participants infected with NTM. This low num-
ber of participants is explained by the unavailability of
clinical data in laboratories due to the lack of surveil-
lance system of NTM in Cameroon. Among the peo-
ple infected with NTM one was infected with HIV. The
studies conducted by Surendra et al. in India also found
that out of 42 patients infected with NTM, one patient
was infected with HIV [18]. In our study, other comor-
bidities such as alveolar pneumonia, type 2 diabetes
and pulmonary tuberculosis have also been identified
in these people. Previous studies have revealed that
in most cases, several factors such as the existence of
a pulmonary diseases or immunosuppression promote
infections by NTM [19]. In this study, chronic bronchi-
tis was the most frequent comorbidity in these patients,
in contrast to the studies conducted by Matesanz et al.
which revealed that chronic obstructive pulmonary
disease was the most frequent comorbidity in patients
infected with NTM [20].

This study has several limitations. The low frequency
of NTM is also attributed to the collection of data in
the TB-NRL representing only data from 03 regions
of the 10 regions of Cameroun.. All the NTM were
not identified due to lack of reagents, and the absence
of surveillance system of NTM in Cameroon do not
allowed us to show the evolution of NTM infections.
The unavailability of about 52.11% (123/236) of demo-
graphic data are also considered as a limitation of the
study. Although the comorbidities have been identi-
fied, there is insufficient data to support the objective
of NTM comorbidities in the study population. Further
studies are necessary to extend the collection of clinical
data on a large sample size to support the conclusion
on NTM comorbidities.
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Conclusion

Our findings demonstrated that infections caused by
NTM may be underdiagnosed in the absence of molecu-
lar tools as Hybridization-based LPA, GenoType Myco-
bacterium CM and GenoType Mycobacterium AS among
presumptive TB people. It is important to implement a
surveillance system of NTM including efficient sample
transport system, to build staff capacity and upgrade
existing diagnostic facilities across the country to ensure
effective NTM diagnosis in the long term for efficient
surveillance systems, and also to develop a point-of-care
test for NTM identification in limited-resource settings.
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NTM Non-tuberculous Mycobacteria

MBTC Mycobacterium Tuberculosis Complex
LPA Line Probe Assay

MGIT Mycobacterium Growth Indicator Tube
HIV Human Immunodeficiency Virus

DTC Diagnosis and Treatment Centers

CPC Centre Pasteur du Cameroun

DST Drug Susceptibility Testing
TB-NRL  Tuberculosis-National Reference Laboratory

Acknowledgements
Not applicable.

Authors’ contributions

VFDD conceived and designed the intellectual content and wrote the original
manuscript; TAZF conducted the primary analysis and edited the manuscript;
LENW interpreted data and edited the manuscript; YLGNT prepared figures
and table, reviewed and edited the manuscript; SMO, YJD, SN, BS, YPA, YWKS
performed data collection and reviewed the manuscript; SNA edited and
substantively revised the manuscript; SE coordinated research activities and
reviewed the manuscript. All authors have approved the final manuscript and
agreed to be personally accountable for the author’s own contributions.

Funding
The current study was not supported by any funding agency because it
concerns a retrospective study.

Availability of data and materials

The datasets analyzed during the current study to generate the results are
not publicly available, but can be provided by the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Cameroon National Ethics Committee for
Human Health Research under the number N°2017/02/872/CE/CNERSH/SP.
According to the Ethics Committee for Human Health Research, the need for
informed consent was deemed unnecessary because data were collected
from routine analysis. Administrative permission was not required to access
the raw data used in our study according to national regulations as the cor-
responding author of this study is the head of the TB-NRL of Cameroon. At the
TB-NRL, all samples received are coded before being processed. For the study
purposes, a second codification was assigned to each sample prior to data
collection and analysis.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 7 of 8

Author details

"Mycobacteriology Unit, National Tuberculosis Reference Laboratory, Centre
Pasteur du Cameroun, Yaounde, Cameroon. “Department of Microbiology,
University of Yaounde |, Yaounde, Cameroon. Department of Microbiology,
Haematology and Infectious Diseases, Faculty of Medicine and Biomedical
Sciences, University of Yaounde |, Yaounde, Cameroon. *Centre Pasteur du
Cameroun, Yaounde, Cameroon.

Received: 7 September 2023 Accepted: 8 March 2024
Published online: 26 March 2024

References

1. Wallace R. History of MAC. 2023. http://www.maclungdisease.org/histo
ry-of-mac. Accessed 06 Apr 2023.

2. YuX-,Lul, Chen G-z Liu Z-G, Lei H, et al. Identification and Characteri-
zation of Non-Tuberculous Mycobacteria Isolated from Tuberculosis
Suspects in Southern-Central China. PLoS One. 2014;9(12):114353 1-8.

3. Deepa P, Therese K, Madhavan H. Application of PCR based restriction
fragment length polymorphism (RFLP) for the identification of mycobac-
terial isolates. Indian J Med Res. 2005;121(5):694-700.

4. Park and Kwon. tuberculosis and nontuberculous mycobacterial pulmo-
nary disease. Tuberc Respir Dis (Seoul). 2014;77(4):161-6.

5. Shahraki AH, Heidarieh P, Bostanabad SZ, Khosravi AD, Hashemzadeh M,
Khandan S, et al. Multidrug-resistant tuberculosis may be nontuberculous
mycobacteria. Eur J Intern Med. 2015;26(4):279-84.

6. World Health Organization. Tuberculosis profile. 2022. https://worldhealt
horg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&
lan=%22EN%22&is02=%22AF%22. Accessed 14 Mar 2022.

7. Donfack VF, Ngando L, Pefura EW, Che DS, Ateba G, Bigna JJ, Abena Foe
JL, Kuaban C, Eyangoh S. Comparative study of Loopamp™ Myco-
bacterium tuberculosis Complex Kit for Rapid Detection of Mycobac-
terium tuberculosis complex in Cameroon. Biomed Biotechnol Res J.
2018;2:46-52.

8. World health organization. The use of loop-mediated isothermal ampli-
fication (TB-lamp) for the diagnosis of pulmonary tuberculosis: policy
guidance. Geneva. 2023. https://www.who.int/publications/i/item/97892
41511186. Accessed 07 Jun 2023.

9. Cepheid. GeneXpert Dx System Xpert MTB/RIF assay manual: Operator
Manual Software Version-4. 2023. http://www.cepheid.com/us/. Accessed
07 Jun 2023.

10. Yadav R, Sharma N, Khaneja R, Agarwal P, Kanga A, Behera D, Sethi S.
Evaluation of the TB-LAMP assay for the rapid diagnosis of pulmonary
tuberculosis in Northern India. Int J Tuberc Lung Dis. 2017;21(10):1150-3.

11. Ramana BV, Srikar A, Sreedhar BKV, Abhijit C. MPT 64 antigen detection
for Rapid confirmation of Mycobacterium tuberculosis complex. Int J Med
Sci Curr Res. 2019;2:5:165-7.

12. Shatha TA. Using genotype Mycobacterium CM / AS assay for rapid detec-
tion and differentiation of non-tuberculous mycobacteria from sputum
specimens in Baghdad Biochem. Cell Arch. 2020;20(2):5973-7.

13. Umrao J, Singh D, Zia A, Saxena S, Sarsaiya S, Singh S, et al. Prevalence and
species spectrum of both pulmonary and extrapulmonary nontubercu-
lous mycobacteria isolates at a tertiary care center. Int J Mycobacteriol.
2016;5(3):288-93.

14. Karamat A, Ambreen A, Ishtiag A, Tahseen S, Rahman M A, Mustafa T.
Isolation of non-tuberculous mycobacteria among tuberculosis patients.
A study from a tertiary care hospital in Lahore, Pakistan. BMC Infect Dis.
2021;21(1):381.

15. Yu X, Liu P, Liu G, Zhao L, Hu Y, Wei G, et al. The prevalence of non-tuber-
culous mycobacterial infections in mainland China: systematic review
and meta-analysis. J Infect. 2016;73(6):558-67.

16. Gonzalo G, Cecilia C, Jakko VI, Carlos R. Species Distribution and Isolation
Frequency of Non-tuberculous Mycobacteria. Uruguay Emerging Infec-
tious Diseases. 2020;26(5):1014-8.

17. Velayati AA, Farnia P, Mozafari M, Mirsaeidi M. Nontuberculous Mycobac-
teria Isolation from Clinical and Environmental Samples in Iran: Twenty
Years of Surveillance. Biomed Res Int. 2015;2015: 254285.

18. Surendra KS, Rohini S, Binit KS, Vishwanath U, Indra M, Madhavi T, Prahlad
K. A prospective study of non-tuberculous mycobacterial disease among


http://www.maclungdisease.org/history-of-mac
http://www.maclungdisease.org/history-of-mac
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22AF%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22AF%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22AF%22
https://www.who.int/publications/i/item/9789241511186
https://www.who.int/publications/i/item/9789241511186
http://www.cepheid.com/us/

Donkeng Donfack et al. BMC Microbiology ~ (2024) 24:100

tuberculosis suspects at a tertiary care centre in north Indian J Med Res.
2019;150(5):458-67.
19. Bodle EE, Cunningham JA, Della-Latta P, Schluger NW, Saiman L. Epidemi-

ology of non-tuberculous mycobacteria in patients without HIV infection.

New York City Emerg Infect Dis. 2008;14(3):390-6.

20. Matesanz C, Lopez C, Gallego L, Cacho J, Israel C, Thuissard J, Vasallo,
Ramirez M T R. Patients with non-tuberculous mycobacteria in res-
piratory samples: a 5-year epidemiological study. Rev Esp Quimioter.
2021;34(2):120-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8



	Profile of non-tuberculous mycobacteria amongst tuberculosis presumptive people in Cameroon
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and data collection
	Study location
	Routine laboratory process
	Microscopy
	TB-LAMP assay
	Xpert MTBRIF assay
	Culture
	Identification of Mycobacterium tuberculosis complex
	Hybridization-based line probe assay
	Statistical analysis
	Ethics approval


	Results
	Discussion
	Conclusion
	Acknowledgements
	References


