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Background: Currently, the prevalence of nontuberculous mycobacteria (NTM) strains isolated from mycobacterial cultures has been
well characterized. However, the data on the prevalence of tuberculosis (TB) in patients with NTM disease remain unclear.
Methods: Between January 2012 and August 2020, consecutive patients with positive mycobacterial cultures were included for
analysis. The identification of Mycobacteria spp. was performed using the DNA array method or sequencing of 16S rDNA. NTM
disease is diagnosed when the same infectious agent is identified in at least two sputum or is identified in sterile samples.
Results: A total of 997 strains were isolated from 828 inpatients. Of them, 261 inpatients (31.5%) were diagnosed as NTM disease.
The mean age of the 261 patients was 55.7 ±15.5 years old and 64.0% (n = 167) of them were male. The prevalence of culture-
confirmed TB patients among patients with NTM disease was estimated as 8.0% (21/261).
Conclusion: TB is common in NTM disease and caution should be taken when initiating the treatment of NTM disease.
Keywords: prevalence, tuberculosis, culture, nontuberculous mycobacteria, diagnosis

Introduction
Nontuberculous mycobacteria (NTM) are emerging opportunistic pathogens of humans. Although a revised guideline has
been issued recently, the treatment of NTM disease (NTM-D) remains a challenge.1 First, NTM infections usually share
some symptoms with tuberculosis (TB) and the discrimination between them remains relying on microbiological
evidence. Second, most NTM species are resistant to first-line anti-TB agents,2 and treatment choices for NTM diseases
were largely based on experience and not scientifically based evidence. Third, the identification of NTM is not routinely
performed in most areas, and this makes a significant delay in the diagnosis3 and poor outcomes are then easily to occur.
In addition, a previous study suggests that the prevalence of NTM infection shows an increasing trend during the last
decades,4 and this makes the management of NTM disease more complicated.

In a previous study, we found that a significant proportion (53.4%) of NTM diseases were T-SPOT.TB positive in
China, and the positive rate was higher than that of healthcare workers (13.9%).5,6 This finding demonstrated that
Mycobacterium tuberculosis (M.TB) infections are common in patients with NTM disease. Currently, the prevalence of
NTM strains isolated from mycobacterial cultures has been well characterized, and the rate varies widely, reported from
1% to 8% between studies.2,4,7–9 However, the data on the prevalence of TB in patients with NTM disease remain
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unclear. Therefore, this retrospective study was conducted to evaluate the prevalence of co-infection of TB and NTM
diseases, this would be helpful to tailor the diagnosis and management of NTM disease.

Methods
This study was conducted at the Shandong Provincial Chest Hospital and confronted with the Helsinki Declaration. The
study protocol was approved by the Ethical Committee of Shandong Provincial Chest Hospital (NO. 2020XKYYEC-29).
Because of a retrospective design and anonymous analysis employed in the study, written informed consent was waived
by the Ethical Committee of Shandong Provincial Chest Hospital.

Between May 2012 to June 2021, consecutive patients who were positive for mycobacterial cultures during the same
episode of illness were included for analysis. Mycobacterial culture was performed using Löwenstein-Jensen medium
method and quality control was conducted as previously reported.2 NTM was initially screened for resistance to
p-nitrobenzoic acid. Then, NTM species were further identified by 1) 16S rRNA gene sequence analysis (MicroSeq
ID Microbial Identification Software, version 2.0; Applied Biosystems, Foster City, CA, USA),10 or 2) DNA microarray
chip method using Mycobacteria Identification Array Kit (CapitalBio, Beijing, China).11 According to the microbiolo-
gical criteria established by the ATS/ERS/ESCMID/IDSA, NTM disease is diagnosed when the same infectious agent is
identified in at least two sputum (or one sputum and one stool) or is identified in sterile samples, such as tissues,
bronchial brushing, and BALF (bronchial alveolar lavage fluid).1,12 Continuous data were presented as mean ± standard
deviation (SD) and categorical data were presented as count (percentages).

Results
In the period from May 2012 to June 2021, 25,617 mycobacterial strains were found in clinical samples. Of them, 1107
(4.3%) strains were identified as NTM species, including 110 strains isolated from outpatients and 997 strains from 828
inpatients (Table 1). The mean age of the 828 patients was 55.8 ±16.0 years and 64.4% (n=533) of them were male.
Among them, TB isolates were cultured from 85 patients (10.3%).

Fourteen patients (1.7%) were culture-positive with at least one strain, and two of them were diagnosed as NTM
disease, this was because one strain isolated from a sterile sample (Patient 1) and the same strain isolated from four
separate sputum (Patient 2). In addition, the same strains were isolated from at least two sputum in 145 patients (17.5%),
at least one sputum and one sterile sample in 49 patients (5.9%), at least one sputum and one stool in 4 patients (0.5%), or
at least one sterile sample in 61 patients (7.4%). The remaining 555 patients were all single positive for NTM isolates,
which has been further identified. Finally, a total of 261 inpatients (31.5%) were diagnosed as NTM disease and included
for further analysis.

The mean age of the 261 patients was 55.7 ±15.5 years old and 64.0% (n=167) of them were male. The corresponding
261 strains included M. intracellulare (n=195, 74.7%), M. kansasii (n=25, 9.6%), M. chelonei (n=21, 8.0%), M. fortuitum
(n=8, 3.1%), M. avium (n=7, 2.7%), and others (n=5, 1.9%). Among the 261 patients, TB isolates were cultured from 21
patients (8.0%), and cough (n=215, 82.4%) was the most common symptoms, followed by fever (n=107, 41.0%), chest
tightness (n=78, 29.9%), shortness of breath (n=80, 30.7%), hemoptysis (n=41, 15.7%), chest pain (n=19, 7.3%), and
fatigue (n=11, 4.2%). In addition, the most common radiological findings were as follows: pulmonary involvement
(n=21, 100.0%), pleural involvement (n=3, 14.3%), lymph node (n=1, 4.8%), and chest wall involvement (n=1, 4.8%).

Discussion
In this laboratory-based retrospective cohort study, we found that the prevalence of confirmed TB in patients with
positive NTM culture was 10.3% and the prevalence in patients with confirmed NTM disease was 8.0%. The prevalence
of confirmed TB in patients with NTM diseases was high and should not be ignored. Remarkably, this dilemma would
lead to a significant misdiagnosis and inappropriate treatment.

The NTM species are distributed dependent on geographical regions and the epidemiology of the NTM infections
varied between studies.13 Similarly, the prevalence of confirmed TB among NTM diseases also has such character-
istics. In a Korean study, Lin et al found that the proportion of NTM-TB co-infection among patients with NTM
infection was 19.3% (87/450).14 In Beijing, Zhao et al found that, of the 102 patients with positive mycobacterial
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culture, 84 have M.TB, 16 have NTM, and 2 have both M.TB and NTM. Therefore, the prevalence of confirmed TB in
patients with positive NTM culture was calculated as 11.1% (2/18). In Africa, Bonnet et al found that, among the 128
patients with NTM isolates, four patients were also M.TB culture-positive.15 It was then the estimated prevalence was
calculated as 3.1% (4/128). However, very few patients (n=12) of them met the ATS criteria for NTM disease. In our
study, the prevalence of confirmed TB in NTM patients with bacterial evidence was 8.0%. However, the actual
prevalence would be even higher. This is because only a part of TB patients were culture-positive.16 According to my
experience, the prevalence is estimated to reach about 15%. In general, this co-infection phenomenon is usually
neglected in clinical practice and most co-infections are reported as case reports, such as Yılmaz et al,17 Sharma et al,18

Izadi et al.19

Treatment of NTM disease is difficult due to the uncertainty regarding when treatment should be started and which
regimen is most likely to achieve successful treatment.1 There is no known treatment for many NTM infections. The
initiation of NTM treatment should be individualized considering disease types, comorbid conditions, and age.17 Usually,
NTM isolates were resistant to first-line anti-TB drugs.4 Therefore, these drugs would not be the first choice for the
treatment of patients with NTM disease. However, since co-infection exists, these drugs sensitive for TB but resistant to

Table 1 The Patient Characteristics and Distribution of NTM Species in the Study

NTM Culture (+, n) NTM Disease (n)

N 828 261
Age (years) 55.8 ±16.0 55.7 ±15.5

Sex, male 533 (64.4%) 167 (64.0%)

TB culture (+) 85 (10.3%) 21 (8.0%)
First-line drug resistance (TB) n=37 n=10

Isoniazid 9 (24.3%) 4 (40.0%)

Rifampicin 6 (16.2%) 2 (20.0%)
Streptomycin 5 (13.5%) 2 (20.0%)

Ethambutol 2 (5.4%) 1 (10.0%)
MDR-TB 4 (10.8%) 1 (10.0%)

Symptoms

Cough 621 (75.0%) 215 (82.4%)
Fever 316 (38.2%) 107 (41.0%)

Chest tightness 239 (28.9%) 78 (29.9%)

Shortness of breath 232 (28.0%) 80 (30.7%)
Hemoptysis 108 (13.0%) 41 (15.7%)

Chest pain 68 (8.2%) 19 (7.3%)

Fatigue 36 (4.3%) 11 (4.2%)
Radiological findings n=85 n=21

Pulmonary TB 83 (97.6%, 83/85) 21 (100.0%, 21/21)

Pleural TB 13 (15.3%, 13/85) 3 (14.3%, 3/21)
Lymph node TB 10 (11.8%, 10/85) 1 (4.8%, 1/21)

Chest wall TB 3 (3.5%, 3/85) 1 (4.8%, 1/21)

Osseous TB 1 (1.1%, 1/85)
NTM species n=997 n=261

M. intracellulare 662 (66.4%, 662/997) 195 (74.7%, 195/261)

M. kansasii 111 (11.1%, 111 /997) 25 (9.6%, 25/261)
M. chelonei 103 (10.3%, 103/997) 21 (8.0%, 21/261)

M. fortuitum 39 (3.9%, 39/997) 8 (3.1%, 8/261)

M. gordonae 20 (2.0%, 20/997) 2 (0.8%, 2/261)
M. avium 20 (2.0%, 20/997) 7 (2.7%, 7/261)

Others 42 (4.2%, 42/997) 3 (1.1%, 3/261)

Abbreviations: NTM, nontuberculous mycobacteria; TB, tuberculosis; MDR, multiple drug resistance.
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NTM stains should be reconsidered. Moreover, an misdiagnosis of NTM disease can be made due to the presence of TB
isolates. Fortunately, in the study, M. intracellulare was the most common strain isolated from clinical samples, whose
treatment has been well characterized.20,21

Previously, risk factors of NTM or TB infection have been investigated. However, the risk factors of TB co-infection
among NTM diseases remain unclear. Remarkably, the two infections usually share some risk factors, such as HIV,
chronic respiratory disease, corticosteroid use, and anti–TNF-α therapy.22–24 To appreciate the risk factors of TB would
be helpful to improve the management of NTM disease, especially facilitating early diagnosis of co-infection. Besides,
TB, or NTM? Which one is the first infection? The question is also essential and useful to answer the potential
mechanism involving the co-infection. In a previous study, it was found that previous TB is a major risk factor for
NTM pulmonary disease.25 Similarly, in patients with previous NTM disease, the risk of TB was also increased.26

Therefore, the condition of NTM or TB infection may facilitate the infection process of each other. In a word, further
study should be performed to investigate the risk factors of TB among NTM diseases, the work may be helpful to resolve
this dilemma of management of NTM disease.

Although some interesting findings were observed, the study also has some limitations. First, due to the overlap of
clinical and radiological findings between TB and NTM diseases, a culture method was used for TB diagnosis, this would
decrease the actual prevalence of TB infection among NTM diseases. Therefore, tools that can simultaneously and
accurately diagnose TB and NTM disease are urgently needed. Second, NTM recovery on solid culture is limited, the
burden may also be underestimated. Third, due to limited information, the role of IGRA in preventive therapy has not
been evaluated in patients with NTM disease. In my opinion, this adjunctive therapy targeting TB should be taken into
account, especially when a true positive IGRA result occurs (excluding the influence of NTM antigens, such as ESAT-6,
CFP10, or both). Third, due to a significant NTM and TB co-infection, caution should be taken when the treatment of
NTM disease is initiated.

In conclusion, TB is common in NTM disease and caution should be taken when initiating the treatment of NTM
disease.
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