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Abstract
To investigate the clinical manifestations and outcomes of musculoskeletal (MSK) nontuberculous mycobacterium (NTM) 
infections. This study was a retrospective cohort study using the Siriraj Hospital database from 2005 to 2017. Enrolled were 
all patients aged 15 or older who had an MSK infection with NTM identified in synovial fluid, pus, or tissue by an acid-fast 
bacilli stain, culture, or polymerase chain reaction. Of 1529 cases who were diagnosed with NTM infections, 39 (2.6%) had 
an MSK infection. However, only 28 patients met our inclusion criteria. Their mean age (SD) was 54.1 (16.1) years, and half 
were male. Of this cohort, 25% had previous musculoskeletal trauma, 18% prior bone and joint surgery, 14% prosthetic joint 
replacement, and 11% HIV infection. The median symptom duration (IQR) was 16 (37.4) weeks. The most common MSK 
manifestation was arthritis (61%), followed by osteomyelitis (50%), tenosynovitis (25%), and spondylodiscitis (14%). The 
most common organism was M. abscessus (18%), and M. kansasii (18%), followed by M. intracellulare (14%), M. marinum 
(14%), M. fortuitum (7%), and M. haemophilum (7%). In addition to medical treatment, most patients underwent surgery 
(82%), comprising debridement, osteotomy, prosthesis removal, and amputation, while 18% received only medical treatment. 
The treatment outcomes were complete recovery in 46%, improvement with some residual disability and deformities in 29%, 
and death in 3.6%. Musculoskeletal NTM infections were uncommon. Most patients had underlying joint disease or were 
immunocompromised hosts. Surgical management, as an adjunct to medical therapy, was necessary.
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Introduction

Nontuberculous mycobacteria (NTM) are found every-
where in the environment. They are not typically spread 
from human to human [1]; however, infections with these 
organisms have been reported with increasing frequency [2], 
especially in patients who had penetrating trauma, surgi-
cal incisions, puncture wounds, intraarticular injections [3], 
defects of the interferon-gamma receptor [4, 16], or were 
immunocompromised hosts [5–7].

A musculoskeletal NTM infection has four distinct pat-
terns: tenosynovitis [8–11], septic arthritis [9, 11, 12], 
osteomyelitis [4, 13, 14], and spondylitis [15]. Since it is 
an uncommon disease with an insidious onset and indo-
lent natural history, the diagnosis of this condition is often 
delayed, resulting in bone or joint destruction, permanent 
disability, and a poor quality of life. The time from the onset 
of symptoms to diagnosis has been reported to be approxi-
mately 1 year [10]. Most patients present with chronic 
mono- or oligoarthritis. It is difficult to distinguish or to 
identify the causative agents from the clinical characteris-
tics because other organisms cause similar manifestations, 
including Mycobacterium tuberculosis and fungus. However, 
it is important to determine the mycobacteria isolates to the 
species level because the treatment regimens for individual 
organisms differ [3, 11]. The gold standard for diagnosis 
of NTM disease is based on the results of a mycobacterial 
culture. While polymerase chain reaction (PCR) testing 
becomes a popular investigative tool due to its quick turna-
round and high specificity, it is available only at university 
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hospitals. Patients with NTM infections are therefore usually 
referred to a university hospital for diagnosis and treatment 
[1].

Since musculoskeletal NTM infections are uncommon, 
data related to the risk factors, clinical manifestations, and 
outcomes are scarce. We therefore investigated the clinical 
manifestations and outcomes of musculoskeletal NTM infec-
tions in Thailand.

Materials and methods

Study population

This study was a retrospective cohort study using the Siriraj 
Hospital database. The ICD-10 related to NTM infections 
(A31) combined with septic arthritis (M00, M01), spon-
dylodiscitis (M46, M49), tenosynovitis (M65, M68), and 
osteomyelitis (M86) were searched from January 1, 2005 
to December 31, 2017. Enrolled were all patients who were 
aged 15 years or older; were admitted to the inpatient depart-
ment or visited the outpatients department; had a musculo-
skeletal infection; and had NTM identified in synovial fluid, 
pus, wound drainage, or tissue by an acid-fast bacilli (AFB) 
stain, culture, or PCR. The medical records of all patients 
who met the inclusion criteria were reviewed, and the rel-
evant data (comprising patient characteristics, clinical mani-
festations, isolation of the NTM infections, investigations, 
treatments, and outcomes) were collected.

This study was approved by the Siriraj Institutional Review 
Broad (COA no. Si 638/2018, Approval date: October 10, 
2018). All procedures were in accordance with the ethical 
standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. Informed con-
sent was not obtained from all individual participants included 
in the study, as this study was a retrospective chart review.

All statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 20.0 (IBM Corp., Armonk, 
NY, USA). The Kolmogorov–Smirnov test was used for 
one-dimensional distributions. For the quantitative data, 
descriptive statistics were shown as mean ± standard devia-
tion (SD), or median (IQR) values. Counting was in number 
and percent (%) for the qualitative data.

Results

Demographic data, clinical manifestations, 
and laboratory findings

Of 1529 cases who were diagnosed with NTM infections 
(ICD-10 A31), 39 (2.6%) had a musculoskeletal infection. 

However, only 28 patients met our inclusion criteria. 
Their mean age was ± SD of 54.14 ± 16.05 years, and half 
were male. The most common occupation was housewife 
(21%). This was followed by farmer and private business 
(18% each); fisherman (7%); government officer (4%); 
and other occupations (32%), comprising student, monk, 
employee, and self-employed. The median duration from 
the onset of symptoms to diagnosis (IQR) was 16 (37.4) 
weeks. The common risk factors for the musculoskeletal 
NTM infections were previous musculoskeletal trauma 
(25%), prior bone and joint surgery (17.9%), prosthetic 
joint replacement (14.3%), human immunodeficiency virus 
(HIV) infection (2/19 or 10.5%), and anti-interferon (IFN)-
gamma autoantibodies (7/10 or 70%; Table 1).

Regarding the clinical manifestations, the most com-
mon presentation was pain at the affected part (93%), fol-
lowed by restricted or painful joint movement (89.3%), 
and localized swelling (85.7%). Extra-articular involve-
ments were found in 11 out of 28 cases (39%). The most 
common extra-articular involvement was the lymph nodes 
(28.6%), followed by skin and soft tissue (21.4%), and 
lungs (10.7%), while the liver, spleen, and pericardium 
were reported in two cases each (Table 2).

The most common musculoskeletal manifestation was 
arthritis (61%), followed by osteomyelitis (50%), teno-
synovitis (25%), and spondylodiscitis (14%).

A total of the four patients with spondylodiscitis, the 
cervical and lumbar spines were affected in two patients 
each. Three out of the four patients had consecutively 
involved segments of the vertebral body. Skipped verte-
brae were found in one patient, which involved the second, 
fifth, and sixth cervical spines.

The majority of patients with arthritis manifested with 
monoarthritis (11/17; 65%), followed by oligoarthritis 
(5/17; 29%), and rarely with polyarthritis (1/17; 6%). In 
the monoarthritis group, the knee (37%) was frequently 
affected, followed by the hip and the shoulder (18% each). 
Other involved joints were the elbow (9%), ankle (9%), and 
wrist (9%). In the oligoarthritis group, the affected joints 
included the knees, shoulders, ankles, metacarpophalan-
geal (MCP) joint, proximal interphalangeal (PIP) joint, 
and distal interphalangeal (DIP) joint. Only one case pre-
sented with polyarthritis, involving the small joints of the 
hands (the MCP joint, PIP joint, and DIP joint).

Fourteen patients (50%) had osteomyelitis. The most 
common infected site was the tibia (21.4%), followed by 
the humerus (14.3%), radius (14.3%), femur (14.3%), carpal 
bones (7%), metatarsal bones (7%), and other bones (21%; 
e.g., the manubrium of the sternum, base of the skull, and 
mandible). One-quarter of the patients in the tenosynovitis 
group (25%) had a previous history or co-morbidity predis-
posing to NTM infections, such as prior musculoskeletal 
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trauma or prior arthrocentesis. All cases with tenosynovitis 
were affected only at their hands and fingers.

As to the laboratory findings, inflammatory markers 
were detected at a high level, with a mean erythrocyte sedi-
mentation rate (ESR) ± SD of 72.40 ± 31.25 mm/h and a 
median C-reactive protein (IQR) of 32.10 (112.29) mg/l. 
However, the complete blood counts revealed non-specific 
results, including mild anemia (mean hemoglobin ± SD: 
10.49 ± 2.33 g/dl) with no leukocytosis (median white blood 
cell count [IQR]: 9465 [7777.5]  mm3/ml).

A synovial fluid culture was performed for 13 out of the 
28 patients (46%), while a tissue biopsy culture was isolated 
to identify the causative pathogen in 25 out of the 28 patients 
(89%). The most common organisms were M. abscessus 

and M. kansasii (17.9% each), followed by M. intracel-
lulare and M. marinum (14.3% each; Table 3). Anti-IFN-
gamma autoantibodies were identified in seven out of the ten 
patients for whom this test was performed. In this group, M. 
abscessus was identified in three patients, and M. kansasii, 
M. haemophilum, M. scrofulaceum, and M. NTM spp. in one 
patient each. M. kansasii and M. intracellulare were detected 
in both of the two patients with an HIV infection from the 19 
patients who underwent a serologic evaluation.

Treatments and outcomes

All patients received regimens of antibiotics that depended 
on the causative pathogens and the patients’ drug sensi-
tivities. The antibiotics selected for the rapidly growing 
mycobacteria (RGM) were imipenem, amikacin, cefoxitin, 
macrolides (azithromycin and clarithromycin), fluoroqui-
nolone (ciprofloxacin, levofloxacin, and moxifloxacin), and 
linezolid. On the other hand, the drugs used for the slowly 
growing mycobacteria (SGM) were isoniazid, rifampicin, 
ethambutol, macrolides, fluoroquinolones, doxycycline, and 
sulfamethoxazole/trimethoprim. In addition to medical treat-
ment, most patients underwent surgery (82%), consisting 
of debridement (70%), prosthesis removal (17.4%), incision 
and drainage (4.3%), amputation (4.3%), and osteotomy 
(4.3%), while 18% received only medical treatment. The 
median duration of the medical treatment (IQR) was 55 
(88.7) weeks.

Table 1  Characteristics of patients with musculoskeletal NTM infec-
tions

HIV human immunodeficiency virus, IFN interferon, SD standard 
deviation

Characteristics N = 28

Demographics
 Age (years), mean ± SD 54.14 ± 16.05
 Male, N (%) 14 (50)
 Body mass index, mean ± SD 21.69 ± 2.88
 Occupation
  Officer, N (%) 1 (3.6)
  Farmer, N (%) 5 (17.9)
  Fisherman, N (%) 2 (7.1)
  Housewife, N (%) 6 (21.4)
  Private business, N (%) 5 (17.9)
  Other, N (%) 9 (32.1)

 Duration from onset to diagnosis (weeks), median 
(IQR)

16 (37.4)

Rheumatic diseases
 Previous septic arthritis, N (%) 3 (10.7)
 Prosthetic joint replacement, N (%) 4 (14.3)
 Prior bone and joint surgery, N (%) 5 (17.9)
 Prior joint injection/arthrocentesis, N (%) 3 (10.7)
 Osteoarthritis, N (%) 3 (10.7)
 Crystal-induced arthritis, N (%) 2 (7.1)
 Rheumatoid arthritis, N (%) 1 (3.6)
 Systemic lupus erythematosus, N (%) 1 (3.6)

Comorbid conditions
 Central venous catheter, N (%) 1 (3.6)
 Prior musculoskeletal trauma, N (%) 7 (25.0)
 Diabetes mellitus, N (%) 2 (7.1)
 Malignancy, N (%) 1 (3.6)
 Steroid, N (%) 2 (7.1)
 Immunosuppressive drugs, N (%) 1 (3.6)
 Chemotherapy, N (%) 1 (3.6)
 HIV infection, N (%) 2/19 (10.5)
 Anti IFN-gamma autoantibodies, N (%) 7/10 (70.0)

Table 2  Clinical manifestations of patients with musculoskeletal 
NTM infections

Chief complaint No. of patients
N (%)

History of fever 13 (46.4)
Fever 10 (35.7)
Pain at affected part 26 (92.9)
Localized swelling of affected part 24 (85.7)
Redness of affected part 9 (32.1)
Warmth of affected part 6 (21.4)
Restricted/painful joint movement 25 (89.3)
Mass/tumor 7 (25.0)
Unhealed wound/ulcer 7 (25.0)
Neurological deficit 4 (14.3)
Constitutional symptoms 12 (42.9)
Other organ involvement 11 (39.3)
Lungs 3 (10.7)
Lymph nodes 8 (28.6)
Skin and soft tissue 6 (21.4)
Liver/spleen 2 (7.1)
Pericardium 2 (7.1)
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As to the outcomes of the treatment, 46% of the patients 
recovered completely, 29% experienced improvement with 
some residual disability and deformities, and 3.6% died. The 
remaining 22% had unknown outcomes due to their being 
lost to follow-up.

Discussion

Musculoskeletal NTM infection is an uncommon disease. 
We found the mean age and the sex profile of the patients in 
our study were similar to those reported by other studies [4, 
10]. The majority of the occupations of the patients in the 
current study may be associated with prevalent infections 
because of the high chance of acquiring traumatic wounds or 
accidental injury through exposure to the environment. The 
median duration from the onset of symptoms to diagnosis 
in our study was noticeably shorter than those reported else-
where, viz, 10 months [7] and 1 year [10]. This may be due 
to a more heightened physician awareness, a better quality 
of investigation and technology, and an increased knowledge 
of the risk factors.

The risk factors and characteristics of patients identified 
in our study were similar to those reported by other studies: 
a history of musculoskeletal trauma or joint replacement 
surgery [7, 9]; underlying systemic diseases, especially HIV 
infection [10, 14]; and anti-interferon-gamma autoantibod-
ies [16].

Moving on to the clinical manifestations of the muscu-
loskeletal NTM infections, we found arthritis of the large 
joints was the most common presentation, followed by 
osteomyelitis, tenosynovitis, and spondylodiscitis. By con-
trast, Piersimoni and Scarparo [7] found that osteomyelitis 
(63%) was the most common manifestation, followed by 
arthritis (21%) and tenosynovitis (16%). This difference 
may be caused by the differences in the study population. 
The population in the study by Piersimoni et al. consisted 
of immunocompromised hosts, whereas most patients in 

the current study were immunocompetent hosts who had 
undergone joint replacement surgery (such as a total knee 
arthroplasty or total hip arthroplasty), or who had prior joint 
trauma leading to an increased risk of septic arthritis.

With regard to the other features of musculoskeletal NTM 
infections, the cervical and lumbar regions were the most 
common sites of spondylodiscitis, which corresponded with 
the findings of a prior study [15]. These vertebral segments 
are the weight-bearing sites of the human body, so they have 
an increased risk of wear-and-tear and are susceptible to 
infection. Additionally, the site of tenosynovitis was similar 
to the finding of a study that found that the distal upper 
extremities were particularly involved because injury fre-
quently occurs at this site [11]. The data relating to osteo-
myelitis were not distinguished from another study [14]. 
The sites of infection in the current study depended on the 
area of direct trauma or bone manipulation (for example, the 
sternum after cardiac surgery, the mandible following dental 
procedures, and open fractures or wounds).

The most common organisms were M. abscessus and M. 
kansasii. These were followed by M. intracellulare, which 
has been associated with cell-mediated immune defects 
(e.g., anti-IFN-gamma autoantibodies) and HIV infections; 
therefore, evaluation of NTM patients’ immune status should 
always be performed. Moreover, history taking regarding 
musculoskeletal trauma, prior bone and joint procedures, 
prosthetic joint replacement, and arthrocentesis should be 
undertaken.

Treatment for a musculoskeletal NTM infection consists 
of multiple drug therapy based on the pathogens and patient 
drug susceptibility, combined with surgical interventions, 
such as open or arthroscopic joint debridement, and abscess 
drainage [11, 12, 14]. In the present study, medical treat-
ment was provided in all cases. Furthermore, most patients 
underwent surgery for adequate drainage, debridement, 
and prosthesis removal. The clinical outcomes were gener-
ally favorable with some residual disability. The mortality 
rate in this study was quite low, mostly due to nosocomial 

Table 3  Nontuberculous 
mycobacteria isolations

M., Mycobacterium; NTM, nontuberculous mycobacterium; spp., species

Species All (N = 28) Synovial fluid culture 
(N = 13)

Tissue biopsy (N = 25)

M. abscessus, N (%) 5 (17.9) – 5/25 (20.0)
M. fortuitum, N (%) 2 (7.1) 1 (7.7) 2/25 (8.0)
M. kansasii, N (%) 5 (17.9) 1 (7.7) 4/25 (16.0)
M. marinum, N (%) 4 (14.3) 2 (15.4) 4/25 (16.0)
M. intracellulare, N (%) 4 (14.3) 3 (23.0) 2/25 (8.0)
M. haemophilum, N (%) 2 (7.1) – 2/25 (8.0)
M. scrofulaceum, N (%) 1 (3.6) – 1/25 (4.0)
M. simiae, N (%) 1 (3.6) 1 (7.7) 1/25 (4.0)
M. NTM spp., N (%) 4 (14.3) 1 (7.7) 4/25 (16.0)
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infections with multi-organ failure. Our study has some men-
tionable limitations. First, using data obtained by ICD-10 
identifications may have resulted in the omission of some 
patients who had been diagnosed with a musculoskeletal 
NTM infection but were recorded using different ICD-10 
codes. In addition, due to the nature of retrospective studies, 
there might have been missing or incomplete information 
in the medical records. Lastly, as the study population was 
very small, our results and outcomes might not be similar 
to previous reports.

In conclusion, musculoskeletal NTM infection was an 
uncommon disease. Most patients had preexisting joint dis-
ease or were immunocompromised hosts. Surgical manage-
ment, as an adjunct to medical therapy, was necessary. A 
high index of suspicion in high-risk patients is the key to 
early diagnosis and leads to favorable outcomes.

Acknowledgements The authors gratefully acknowledge Ms. Khema-
jira Karaketklang of the Research and Academic Services Unit, Depart-
ment of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol Uni-
versity for assistance with statistical analysis.

Author contributions CN and WK made substantial contributions to 
the conception, design of the work, the acquisition, analysis, interpreta-
tion of data, drafted the work or substantively revised it, approved the 
submitted version and take full responsibility for the integrity of the 
study and the final version of the manuscript.

Funding This study is unfunded.

Compliance with ethical standards 

Conflict of interest Author Wanruchada Katchamart and Author Chai-
kiat Napaumpaiporn declares that they have no conflict of interest.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standard 
(Siriraj Institutional Review Broad, COA no. Si 63812018, Approval 
date: October 10, 2018).

Informed consent Informed consent was not obtained from all indi-
vidual participants included in the study because this study is a retro-
spective chart review.

References

 1. Ploenchan C, Sasisopin K, Piroon M, Susun A (2007) Dissemi-
nated nontuberculous mycobacterial infection in patients without 
HIV infection. Clin Infect Dis 45:421–427

 2. Lai CC, Tan CK, Chou CH et al (2010) Increasing incidence of 
nontuberculous mycobacteria, Taiwan, 2000–2008. Emerg Infect 
Dis 16:294–296

 3. Griffith DE, Aksamit T, Brown-Elliott BA et al (2007) An offi-
cial ATS/IDSA statement: diagnosis, treatment, and prevention 
of nontuberculous mycobacterial diseases. Am J Respir Crit Care 
Med 175:367–416

 4. Petitjean G, Fluckiger U, Scharen S et al (2004) Vertebral osteo-
myelitis caused by non-tuberculous mycobacteria. Clin Microbiol 
Infect 10:951–953

 5. Winthrop KL, Chang E, Yamashita S et al (2009) Nontubercu-
lous mycobacteria infections and anti-tumor necrosis factor-alpha 
therapy. Emerg Infect Dis 15:1556–1561

 6. Salvana EM, Cooper GS, Salata RA (2007) Mycobacterium other 
than tuberculosis (MOTT) infection: an emerging disease in inf-
liximab-treated patients. J Infect 55:484–487

 7. Piersimoni C, Scarparo C (2009) Extrapulmonary infections asso-
ciated with nontuberculous mycobacteria in immunocompetent 
persons. Emerg Infect Dis 15:1351–1358

 8. Kelly PJ, Karlson AG, Weed LA et al (1967) Infection of synovial 
tissues by mycobacteria other than Mycobacterium tuberculosis. 
J Bone Joint Surg Am 49:1521–1530

 9. Marchevsky AM, Damsker B, Green S et al (1985) The clinico-
pathological spectrum of non-tuberculous mycobacterial osteoar-
ticular infections. J Bone Joint Surg Am 67:925–929

 10. Zenone T, Boibieux A, Tigaud S et  al (1999) Non-tubercu-
lous mycobacterial tenosynovitis: a review. Scand J Infect Dis 
31:221–228

 11. Hsiao CH, Cheng A, Huang YT et al (2013) Clinical and patho-
logical characteristics of mycobacterial tenosynovitis and arthritis. 
Infection 41:457–464

 12. Sutker WL, Lankford LL, Tompsett R (1979) Granulomatous syn-
ovitis: the role of atypical mycobacteria. Rev Infect Dis 1:729–735

 13. Chan ED, Kong PM, Fennelly K et al (2001) Vertebral osteomy-
elitis due to infection with nontuberculous Mycobacterium species 
after blunt trauma to the back: 3 examples of the principle of locus 
minoris resistentiae. Clin Infect Dis 32:1506–1510

 14. Sheng B, Fei-Shu H, Hai-Ying Y et al (2015) Nontuberculous 
mycobacterial osteomyelitis. Infect Dis 47:673–685

 15. Danchaivijitr N, Temram S, Thepmongkhol K, Chiewvit P (2007) 
Diagnostic accuracy of MR imaging in tuberculous spondylitis. J 
Med Assoc Thai 90:1581–1589

 16. Kampmann B, Hemingway C, Stephens A et al (2005) Acquired 
predisposition to mycobacterial disease due to autoantibodies to 
IFN-gamma. J Clin Investig 115:2480–2488

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


	Clinical manifestations and outcomes of musculoskeletal nontuberculous mycobacterial infections
	Abstract
	Introduction
	Materials and methods
	Study population

	Results
	Demographic data, clinical manifestations, and laboratory findings
	Treatments and outcomes

	Discussion
	Acknowledgements 
	References




