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A B S T R A C T

Objectives: Nontuberculous mycobacterial infection (NTMI), which is increasing in prevalence, is challenging to
diagnose and manage despite the availability of capable laboratories because of subtle and nonspecific clinical
findings and nonstandardized treatment guidelines. We aimed to present our experience with lower-extremity
NTMI and to compare clinical characteristics and treatment outcomes between immunocompetent and im-
munocompromised patients.
Methods: To determine clinical presentations and outcomes, we reviewed electronic health records of all patients
with lower-extremity NTMI treated and followed up at our institution from January 2002 through December
2017.
Results: Twenty-four patients were included in this study. Mean (SD) age was 58 (19) years. Eighteen patients
(75%) were men; 13 (54%) were immunocompetent; and 9 (37%) had bone and joint involvement. No sig-
nificant differences existed between immunocompetent and immunocompromised patients, except im-
munocompetent patients had significantly more infections at the hip, thigh, and toe. Bone and joint infection
required significantly longer treatment time than skin and soft-tissue infection.
Conclusions: Regardless of immune status, patients with lower-extremity NTMI had similar characteristics,
treatments, and outcomes. However, immunosuppression can be a major risk factor in the development of
disseminated NTMI and associated complications. Acid-fast bacilli culture is strongly recommended for eva-
luation of delayed or nonhealing lesions. Aggressive medical and surgical management can be associated with
good clinical outcomes.

1. Introduction

Nontuberculous mycobacteria (NTM) species are ubiquitous en-
vironmental organisms and can be cultured from samples obtained from
soil, tap water, animals, and food [1,2]. In the human body, NTM can
reside as commensal organisms or cause devastating infection. Non-
tuberculous mycobacterial infection (NTMI) can present as a pro-
gressive, nodular pulmonary infiltrate or a mild cutaneous infection,
both of which can progress to multiorgan infection. Infection can also
occur by direct inoculation. Typically, these infections require pro-
longed duration of antimicrobial therapy, alone or in combination with
surgical intervention [3]. Diagnosis is limited by clinicians’ lack of
awareness of the presentation of NTMI outside the lungs.

This study describes our population-based, 15-year experience

treating culture-positive, lower-extremity NTMI at our tertiary center.
To our knowledge, this is the first study to describe the clinical pre-
sentations of lower-extremity NTMI and to compare clinical findings
and treatment outcomes between immunocompromised and im-
munocompetent patients.

2. Methods

2.1. Study patients

We reviewed electronic health records of all patients with NTMI of
the lower extremity (from hip to toes) treated at Mayo Clinic,
Jacksonville, Florida, from January 1, 2002, through December 31,
2017. We queried the clinical microbiology database to identify
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patients with NTM isolates from all sites. We excluded patients with
isolates from any anatomical site except the lower extremities. Isolates
had to be cultured and the species documented on the laboratory re-
port. If the NTM isolate was deemed to represent colonization and not
infection, then that patient was excluded. If the patient did not receive a
follow-up evaluation, then that patient was excluded. We performed a
retrospective analysis of the patients’ baseline characteristics (age, sex,
and immune status), risk factors for infection, clinical presentation (site
and symptoms), results of diagnostic testing (culture results, histo-
pathologic findings, and radiologic evidence of infection), treatment
characteristics (antimicrobial therapy, duration of treatment, and sur-
gical intervention), and outcomes (cure, failure, or death).

We classified patients as immunocompetent if they did not have a
known predisposing condition that impaired the immune response. As
classified by Sotello et al. [4] in their study of upper-extremity NTMI,
we also classified patients as immunocompromised if they had any of
the following characteristics: received 15 mg prednisone or more daily
for at least 3 weeks; receiving active chemotherapy or im-
munosuppressive monoclonal antibodies; solid organ-transplant or
bone marrow-transplant recipient; or diagnosis of an active oncologic
process, diabetes mellitus (≥6.5% hemoglobin A1c), end-stage renal or
liver disease, or uncontrolled AIDS.

2.2. Microbiologic analysis

Our microbiologic analysis was similar to the analysis of upper-ex-
tremity NTMI performed by Sotello et al. [4], which was performed at
the same hospital and in-house laboratory. Cultured samples were ob-
tained from skin nodules, ulcers, abscesses, fistulas, bursae, synovial
membranes, and synovial fluid of tendon sheaths, joints, or bone. My-
cobacterial samples were cultured by using a mycobacterial growth
indicator tube (BACTEC MGIT 960 system; Becton, Dickinson and Co)
and Middlebrook 7H11//7H11 Selective Agar biplates (Becton, Dickson
and Co). The mycobacterial growth indicator tubes were incubated for
6 weeks in the BACTEC MGIT 960 system. Culture plates were in-
cubated for 8 weeks at 37 °C in an 8% CO2 atmosphere. Cultures of
suspected Mycobacterium marinum or Mycobacterium ulcerans samples
were inoculated on a separate biplate and incubated at 30 °C for weeks.
Organisms were identified according to the type of species by using
standard criteria, such as growth rate, morphologic structure, and re-
sults of mycolic acid analyses and biochemical tests (i.e., nitrate re-
duction and arylsulfatase). Since November 1999, our institution's la-
boratory has used 16S ribosomal RNA gene sequencing to identify
NTM. Because Mycobacterium abscessus and Mycobacterium chelonae are
indistinguishable by this method, they were reported together (M ab-
scessus/chelonae) [5]. Now, definitive identification is performed with
standard biochemical and DNA-sequencing methods by the myco-
bacteriology laboratory at Mayo Clinic in Rochester, Minnesota [6].

2.3. Statistical analysis

Continuous variables are summarized as mean (SD) and median
(range), and categorical variables are reported as frequency (percen-
tage). The Wilcoxon rank sum test was used to compare continuous
variables between immunocompetent and immunocompromised pa-
tients, and the Fisher exact test was used to compare categorical vari-
ables. All tests were 2-sided, and the α level was set to 0.05 to indicate
statistical significance.

3. Results

A total of 24 patients with lower-extremity NTMI were treated and
received follow-up at our institution. The mean (SD) age of the patients
with lower-extremity NTMI was 58 (19) years. Eighteen patients (75%)
were men, and 13 patients (54%) were immunocompetent. The mean
(SD) age was 53 (23) years for immunocompetent patients and 62 (11)

years for immunocompromised patients.
Skin and soft-tissue infection (SSTI) (15 patients [63%]) was more

common than bone and joint infection (9 patients [37%]) among pa-
tients with lower-extremity NTMI. SSTI was diagnosed in similar
numbers of immunocompetent (8 of 13 patients [62%]) and im-
munocompromised patients (7 of 11 patients [64%]).
Immunocompetent patients had significantly (P < .05) more infections
at the hip and thigh (proximal lower extremity) than im-
munocompromised patients.

The most common route of infection was a wound or soft-tissue
injury (17 patients [71%]) (Table 1). Previous surgery (5 patients
[21%]) and disseminated infection due to bacteremia (2 patients [8%])
were less common causes of infection. Among immunocompetent pa-
tients, the prevalence of infection due to wound injury was 62% (vs
82% for immunocompromised patients), and prevalence of infection
due to a previous surgical procedure was 38% (vs 0% for im-
munocompromised patients). No immunocompetent patient had a
lower-extremity infection due to disseminated infection or bacteremia
(vs 2 of the immunocompromised patients [18%]). These differences
did not reach statistical significance (all P > .05).

Pain was the most common symptom among patients, especially
among immunocompetent patients (9 patients [69.2%] vs 4 im-
munocompromised patients [36.4%]), but the difference was not sig-
nificant (P = .22). Pustulonodular rash was less common among im-
munocompetent patients (3 patients [23%]) than immunocompromised
patients (5 patients [45%]) (P = .39). No significant difference in time
from symptom onset to diagnosis was noted between im-
munocompetent and immunocompromised patients (median, 2.0 vs 2.0
months; P = .41).

The isolated NTM species are reported (Table 1). They included (in
order of decreasing frequency) M marinum (21%), M abscessus/chelonae

Table 1
Clinical characteristics of patients with lower-extremity NTM infections.

Characteristic No. (%)(N = 24)

NTM species
Mycobacterium abscessus/chelonae 5 (21)
Mycobacterium chelonae 5 (21)
Mycobacterium marinum 5 (21)
Mycobacterium abscessus 4 (17)
Mycobacterium fortuitum 3 (13)
Mycobacterium terrae 1 (4)
Mycobacterium avium complex 1 (4)

Cause of exposure
Wound or soft-tissue injury 17 (71)
Previous surgery 5 (21)
Bacteremia or disseminated infection 2 (8)

Result of AFB smear
Negative 17 (71)
Positive 7 (29)

Histopathologic study
No 8 (33)
Yes 16 (67)
Presence of granulomatous inflammation 11 (69)a

Imaging studyb,c

None 12 (50)
MRI 7 (29)
Radiography 10 (42)

Antimycobacterial therapy
No 1 (4)
Yes 23 (96)

Required surgical intervention 13 (54)

Abbreviation: AFB, acid-fast bacilli; MRI, magnetic resonance imaging; NTM,
nontuberculous mycobacteria.

a Percentage determined according to the number of patients who underwent
a histopathologic study.

b Results of imaging studies suggested skin and soft-tissue or bone and joint
infection.

c Five patients underwent MRI and radiography.
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(21%), M chelonae (21%), M abscessus (17%), Mycobacterium fortuitum
(13%), Mycobacterium avium complex (4%), and Mycobacterium terrae
(4%). M abscessus (23%) and M abscessus/chelonae (23%) were the most
common species isolated from immunocompetent patients; M marinum
(27%) and M chelonae (27%) were the most common species isolated
from immunocompromised patients.

Many acid-fast bacilli (AFB) smears showed negative results (17
patients [71%]) but showed positive culture results (Table 1). Among
the tissue samples analyzed with histopathologic studies (16 patients
[67%]), granulomatous inflammation was seen in only 11 samples
(69%).

Half the patients underwent an imaging study (radiography or
magnetic resonance imaging [MRI]). Among those who did not have an
imaging study, 11 patients (92%) had SSTI. Of those with suspected
bone and joint infection, 8 of 9 patients (89%) underwent an imaging
study (Table 1). Overall, 10 of 12 patients (83%) who underwent
imaging studies showed radiographic signs of inflammation or infec-
tion. One patient with suspected osteomyelitis underwent computed
tomography angiography to evaluate extensive peripheral vascular
disease and a chronic nonhealing wound. He ultimately underwent
below-knee amputation without follow-up antimycobacterial therapy
(Table 2).

All patients were treated with antibiotics, except 2 patients (1 with
extensive debridement of a toe and 1 with right below-knee amputa-
tion) (Table 2). The median number of antimicrobial agents adminis-
tered was 2.The duration of antimicrobial treatment was similar for
both groups of patients (median, 4.5 months for immunocompetent
patients vs 6.0 months for immunocompromised patients; P = .89). The
median (range) duration of treatment for patients with M abscessus/
chelonae was 6 (3–12) months; M abscessus, 9.5 (6–20) months; M
chelonae, 3.5 (2–6) months; and M marinum, 4 (3–6) months. Surgical
intervention was involved in the treatment of 14 patients (58%). Pa-
tients with bone and joint infection received significantly longer
treatment (median, 12.0 months) than patients with SSTI (median, 3.0
months; P = .002). Cure rates were similar regardless of immune status
(92.3% of immunocompetent patients vs 100% of im-
munocompromised patients; P = 1.0).

4. Discussion

The exact incidence of lower-extremity NTMI is unknown [7]. NTMI
was not a reportable infection in the United States until an electronic
laboratory-based reporting system was recently instituted in Oregon
[8]. However, reporting is currently limited to extrapulmonary NTMIs
for the purposes of identifying outbreaks, trends, sources of transmis-
sion, information for public education campaigns, and predictors of
infection [8]. Disseminated NTMIs are commonly observed in severely
immunocompromised patients [9]. Worldwide, localized infections can
be observed in immunocompromised or immunocompetent patients
and are usually associated with skin trauma or injuries; in certain
geographic regions, NTMI may be associated with other species such as
M. ulcerans [10].

Previously, disease outbreaks were usually due to nosocomial in-
fections, and pseudo-outbreaks were related to contaminated hospital
equipment and water supplies [11]. More recently, additional NTMI
cases and outbreaks have been reported owing to better awareness,
diagnostic testing, and understanding of the importance of myco-
bacterial infections in the community [12]. In 2000, an outbreak of
furunculosis due to M. fortuitum was associated with whirlpool foot-
baths in nail salons in California [13]. In 2015, the Florida Department
of Health in Miami-Dade County reported an outbreak of NTM-asso-
ciated SSTIs that affected 38 people [14]. Whole-genome sequencing
and single-nucleotide polymorphism analysis were used to identify
isolates of M fortuitum, M abscessus, and M chelonae in tap water and
contaminated greywash tattoo ink, which was identified as the source
of infection at a local tattoo studio. Similar cases of NTMIs in ScotlandTa
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and Brazil were traced to tattoo studios [15]. Although less common
than SSTIs, reported cases of tenosynovitis due to NTM usually involve
the hand, and M. marinum is the common culprit for hand injuries with
aquatic exposure [16]. However, infection at the site of prosthetic knee
joints commonly involves rapidly growing mycobacteria, such as My-
cobacterium smegmatis, M. chelonae, and M. fortuitum, and most patients
with these infections require resection arthroplasty [17].

In 2 population-based studies of cutaneous and musculoskeletal
NTMI performed in the United States [3,4], the most commonly isolated
species were M. marinum and M. chelonae-abscessus complex. The most
commonly isolated NTM species were M. marinum (21%), M. abscessus/
chelonae (21%), and M. chelonae (21%), which was similar to our ex-
perience. Of the 5 cases of M. marinum, 4 were SSTIs. Half were treated
with a single oral antibiotic agent, and the others were treated with a
dual antibiotic regimen for 3 to 6 months. The single case of a bone and
joint infection due to M. marinum was treated with surgery followed by
3 oral antibiotics for 5 months. All cases of M. marinum resolved. M.
chelonae and M. abscessus species were more commonly isolated from
immunocompromised patients, with an overall cure rate of 80% (4 of 5
patients) in that specific cohort. No case of M. ulcerans was isolated.

Most reported SSTIs and bone and joint NTMIs involve the distal
extremities through direct inoculation from the environment or a con-
tiguous source of infection after penetrating trauma, other types of
injury, or contaminated needles. However, hematogenous spread of
infection from the lungs or gastrointestinal tract can also occur, where
NTM species are common commensal organisms—this is typically seen
in patients with AIDS [18]. Similar to our results, the most common
source of infection was a wound or injury, regardless of immune status
[3,4]. In the present study, hematogenous spread or multiorgan in-
volvement was uncommon and noted in only 1 immunocompromised
patient with HIV and 2 patients who underwent lung transplants.

Cutaneous NTMI can present as an indolent nodule with a sporo-
trichotic distribution and then progress to suppurative folliculitis and
abscess [19]. Musculoskeletal NTMI can initially present with subacute
septic arthritis [17] or tenosynovitis and then progress to suppurative
necrosis with osteomyelitis. Such infections involving tendon sheaths,
bursae, joints, and bones can be destructive and lead to amputation if
antibiotics and débridement are ineffective.

In our population-based study, we had more patients with NTM-
associated SSTI than NTM-associated bone and joint infection. A known
wound or injury to the affected area was the most common source of
infection. Pain was a common symptom, especially among im-
munocompetent patients. But, development of a pustulonodular rash
was the most common initial presenting symptom among im-
munocompromised patients.

NTMI is diagnosed mainly on the basis of clinical features, micro-
biologic culture results, radiographic findings, and histopathologic re-
sults [20]. The estimated delay in the diagnosis of upper-extremity
NTMI is about 36 months [4]. In the study by Park et al. [21], the
estimated mean interval between symptom presentation and diagnosis
of NTMI was 20.8 months, but this interval can be as long as 180
months. As reported in several studies [22–24] of NTM involving the
musculoskeletal system, the main reasons for diagnostic delay were
nonspecific characteristics of infection, lack of familiarity with NTMI,
and lack of clinical suspicion of NTMI until the primary infection did
not resolve after administration of the initial antimicrobial treatment
regimen. In general, history of wound exposure to water, surgical
procedure, or infection; lack of response to empiric antibiotic treat-
ment; and negative results for routine bacterial culture should raise
suspicion for NTMI [19]. In our study, no difference was noted in time
from symptom onset to diagnosis between immunocompetent and im-
munocompromised patients. For both immunocompetent and im-
munocompromised patients, the median time to diagnosis was 2
months, which is substantially shorter than the results of previous
studies. These data were likely affected by the inclusion criteria of the
present study, which required diagnosis, treatment, and follow-up at

Mayo Clinic. Mayo Clinic, which is a tertiary referral center with ex-
tensive laboratory capabilities, can perform in-house laboratory ex-
aminations and anticipate rare diseases such as NTMI. Moreover, our
orthopedic practice performs aerobic, anaerobic, fungal, and AFB cul-
turing when specimens are submitted.

NTM species may be detected initially with AFB smear. At some
institutions, DNA probes and high-performance liquid chromatography
are used to rapidly identify cultured NTM species. However, rapidly
growing NTM isolates (M. fortuitum, M. abscessus, and M. chelonae) may
require other techniques for taxonomic identification, such as DNA
sequencing, polymerase chain reaction and restriction endonuclease
assay, or weeks of in vitro antibiotic susceptibility testing [25]. Hence,
traditional cultures of specimens obtained with biopsy (skin, synovial
membrane, bone, and cartilage), drainage, or aspiration of the affected
area remain critical to confirm the diagnosis and to test for anti-
microbial susceptibilities. Percutaneous or operative biopsy offers the
best chance of species isolation and identification. In our study, only
about 30% of AFB smears had positive results. Of note, care and at-
tention during specimen collection is very important given the ubiquity
of NTM species. Contamination during specimen handling (e.g., col-
lection, transportation, processing) can result in incorrect identification
of organisms or colonization [26].

Originally, M. abscessus and M. chelonae were considered a single
specie, but M. abscessus was reclassified as an individual specie in 2002
[27]. Serial changes were made to the classification and nomenclature
of the M. abscessus complex between 1992 and 2013. Previously, the
distinction between closely related species such as M. chelonae and M.
abscessus complex relied on phenotypic differences, which were few. In
addition, the limited differences between M. abscessus complex sub-
species made further identification difficult. However, despite the
controversy regarding the taxonomy of M. abscessus complex, whole-
genome sequencing data strongly support the presence of 3 subspecies:
M. abscessus subsp abscessus, M. abscessus subsp bolletii, and M. abscessus
subsp massiliense [28]. To aid in speciation of NTM species, laboratories
use multilocus sequence typing, erm gene sequencing, matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry, and heat-
shock protein and line probe assays. Kim et al. [29] were able to
identify all NTMs by using a nucleotide sequence (604 base pairs) of the
partial heat-shock protein gene (hsp65). This targeted sequence is useful
for phylogenetic analysis and identification of mycobacterial species.
Therefore, the molecular techniques used for identification of NTM
isolates cultured from patient specimens include direct probe hy-
bridization and sequence-based techniques. Line probe assays are
available for certain NTM species, but sequence-based identification has
become the primary method to identify mycobacteria rapidly [30].

Histopathologic analysis of mycobacterial infection typically shows
necrotizing granulomatous inflammation. The presence of granulomas
on a biopsy specimen should prompt specific cultures, polymerase
chain reaction analysis, or both to look for evidence of mycobacterial
infection. However, granuloma may be absent in some patients, espe-
cially immunosuppressed patients, because of tumor necrosis factor
blockade [31]. As a result, these patients may only have chronic in-
flammatory changes with poor granulomatous formation. Therefore,
the absence of necrotizing granulomatous formation does not exclude
infection. In the present study, 69% of patients had results of histo-
pathologic analysis that showed necrotizing granulomatous inflamma-
tion, whereas the other studies did not show any sign of granulomatous
inflammatory changes.

Although no single imaging characteristic can distinguish NTMI,
imaging studies may provide signs of disease extent or identify heavily
affected areas, which clinicians can use to guide invasive diagnostic
tests and source control [17]. MRI is considered the best available
imaging modality because of its high sensitivity for identifying early
osteomyelitis and excellent soft-tissue resolution and anatomical detail
[32]. Compared with pyogenic infection, NTMI is characterized by
slower progression of osteoarticular infection. Compared with
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tuberculous osteomyelitis, NTMI does not typically involve the meta-
physis and diaphysis, cause marginal sclerosis with discrete lytic areas,
or involve multiple sites [33]. In the present study, most patients who
had suspected bone and joint involvement underwent MRI or radio-
graphy. The imaging studies showed signs of inflammation or infection
that aided in diagnosis, evaluation, or treatment, or a combination of
these. However, most patients with localized SSTIs did not require
imaging studies for further evaluation and management.

Treatment of NTMI is guided by the antimicrobial susceptibility
report. This is critical because of NTM's usual multidrug-resistant pat-
tern, which may be associated with poor outcomes. The initial combi-
nation antimicrobial regimens are recommended in the guidelines of
the American Thoracic Society and the Infectious Disease Society of
America [25]. Recommendations depend on the species and include
clarithromycin, rifampin, and ethambutol for M. avium complex and M.
marinum; clarithromycin, amikacin, and cefoxitin or imipenem for M.
abscessus; and clarithromycin, tobramycin, or imipenem for M. che-
lonae. Newer macrolides (i.e., clarithromycin or azithromycin) are the
backbone of the treatment regimen because of their activities against
several NTMIs [34,35]. Azithromycin has some advantages over clari-
thromycin, such as a pharmacokinetic profile suitable for daily dosing,
better tolerability, less severe drug interactions, and less potential for
antimicrobial resistance; however, notably, clarithromycin was the
macrolide used in many studies that showed the effectiveness of mac-
rolides, especially against M. avium complex [36,37].

Rifabutin can be substituted for rifampin, especially for patients
receiving immunosuppressants because rifabutin is a less potent in-
ducer of CYP450 and minimizes drug-drug interactions. Moreover, ra-
pidly growing mycobacteria (often M. abscessus, M. chelonae, and M.
fortuitum) should be assessed for inducible macrolide resistance because
detection of the presence of an erm gene requires 14 days of in-
cubation—the exception is M. chelonae, which does not have the erm
gene. The choice of antimicrobial therapy is mainly influenced by an-
timicrobial susceptibility and patient tolerance, especially after con-
sideration of the amounts, treatment durations, and adverse effects of
the medications involved [38]. However, caution against reliance on in
vitro antibiotic susceptibility is strongly warranted because of its lim-
itations and pitfalls.

The Clinical and Laboratory Standard Institute and European
Committee on Antimicrobial Susceptibility Testing methodologies may
provide some level of standardization for establishment of break-point
concentrations. However, no consensus has been reached regarding a
standardized method for drug susceptibility testing and established
clinical break points for many drugs. Currently, recommended break-
point concentrations for most drugs have limited clinical validation or
evidence, which makes interpretation and application of minimum in-
hibitory concentrations more difficult. In vitro susceptibility may not
predictably correlate with in vivo susceptibility owing to the naturally
occurring antibiotic resistance inherent to NTM [39]. Combination drug
testing for selected drugs may be useful to provide synergistic activities
and to help overcome natural resistance. However, quality evidence
that shows the clinical efficacy of this strategy is lacking.

Interestingly, several individuals in our cohort were treated with
only a single antimicrobial therapy. Isolated organisms treated with a
single drug included M. chelonae (3 patients), M. abscessus/chelonae (2
patients), M. marinum (2 patients), and M. abscessus (1 patient). Patients
with M. chelonae and M. abscessus/chelonae were usually treated with
newer macrolides (azithromycin or clarithromycin), but patients with
M. marinum were usually treated with minocycline. Most patients with
SSTI were cured (7 of 8), except for 1 patient who had osteomyelitis of
the toe due to M. abscessus/chelonae, which was intolerant to multiple
antibiotics; this patient was eventually lost to follow-up. These data
suggest that uncomplicated cutaneous NTMIs can probably be treated
with a single drug, as also indicated by the previous NTM guidelines by
the American Thoracic Society [40] but not recommended in the cur-
rent guidelines [25].

The recommended duration of therapy for osteoarticular NTMI is 6
to 12 months [25], but duration of therapy for NTM-associated SSTI can
be 6 to 12 weeks (or longer, if needed) if the infection is localized [41].
The duration of treatment ultimately depends on multiple factors, in-
cluding the NTM species, extent of infection, treatment response, and
immune status of the patient. Treatment may require a combination of
medical and surgical therapies. Abscess drainage, debridement, re-
moval of foreign bodies, and, in extreme cases, amputation may be
necessary to achieve a cure. In our cohort, the overall rate of treatment
success was approximately 92%, and the median duration of therapy
was 3 months for SSTIs and 12 months for bone and joint infections.
This treatment rate is slightly higher than the rate reported by reviews
of NTMI of the extremities (range, 70%−88%) [4,21,42,43]. Our study
did not show any association between treatment duration and identified
NTM species. Duration of therapy was determined mostly on the basis
of extent of body involvement and response to therapy. Two patients
who were not treated with antibiotics were cured by surgery (extensive
debridement and right below-knee amputation). Patients with cuta-
neous and superficial NTMIs also have consistently shown excellent
prognosis compared with those with deep-seated infection [3,21].

In the present study, no significant differences were noted in char-
acteristics, treatments, or outcomes between immunocompetent and
immunocompromised patients with lower-extremity NTMI. A study by
Sotello et al. [4] evaluated a similar group of patients with upper-ex-
tremity NTMI and reported no significant differences in clinical pre-
sentation, diagnostic delay, or outcome among patients with upper-
extremity NTMI. Also, results in our cohort did not support findings
reported in other studies of NTM SSTI and bone and joint infection with
lower cure rates (range, 40%−60%), especially in patients with deep-
seated infections [1,4,21]. Only 1 patient had presumed treatment
failure due to multidrug intolerance and was lost to follow-up after
initial toe debridement. Only 1 patient died, and this patient had un-
dergone a lung transplant and had other medical complications and M.
abscessus/chelonae SSTI due to hematogenous dissemination. Interest-
ingly, disseminated mycobacterial infection was observed in 2 im-
munocompromised patients and no immunocompetent patients. Hence,
the risk of complications is greater in patients with disseminated or
hematogenous mycobacterial infection and should always be an im-
portant consideration in immunosuppressed patients. Given the high
cure rate in our cohort, ascertaining whether the shorter interval from
symptom presentation to diagnosis was related to outcome may be
difficult. In a retrospective review of 31 cases of atypical mycobacterial
infections of the upper extremity (mean diagnostic delay, 10 months),
delays and inappropriate management resulted in a higher risk of
treatment failure of up to 68%, especially in patients with M. avium and
M. fortuitum, compared with patients with M. marinum [44]. Follow-up
ranged from 1 month to 9 years for those who had medical treatment
alone or medical treatment combined with surgery. Those who did not
have follow-up moved to a different state, refused recommended sur-
gery, or died. One patient relapsed. This patient had documented
clearance of an M. abscessus infection at the site of a prosthetic hip and
was initially treated with a combination of amikacin, clarithromycin,
ethambutol, and doxycycline. On recurrence, hemipelvectomy was re-
commended for source control of the infection, but the patient declined
to proceed with surgery. She started to receive long-term therapy with
azithromycin and was lost to follow-up.

The strengths of this study include the long observation period (15
years), which identified a large number of cases and reflects our patient
population. We reported one of the largest sample sizes and focused on
the lower extremities, which is a rare site of NTMI. Underlying im-
munosuppressive conditions were included in the analysis, and we di-
rectly compared characteristics, risks, and outcomes between im-
munocompetent and immunocompromised patients.

The limitations of the study include the single-center study design
and small sample size. The small sample size can be attributed to the
rarity of NTMI, despite the recognition of our hospital as a referral
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center for complex disease with sophisticated laboratory capabilities.
As a result, the reported time from symptom onset to diagnosis may be
shorter than in community settings, and the prevalence of NTMI may be
greater. The relatively small sample size may have resulted in limited
power to detect differences between immunocompromised and im-
munocompetent patients. In addition, the descriptive nature of the
study hindered our ability to use predictive models or to perform a
multivariate analysis to identify independent risk factors for treatment
outcomes. Lastly, inability to distinguish M. chelonae from M. abscessus
in cases with M. abscessus/chelonae limited a clearer delineation of in-
fection between immunocompetent and immunocompromised patients.
Therefore, it is also important to clarify that our results require vali-
dation in larger cohorts. A meta-analysis of small studies may elucidate
these uncertainties and provide a better understanding of NTMI.
Moreover, development of a patient registry and an electronic labora-
tory-based reporting system (similar to the system developed by the
Oregon Health Authority) [45] may help pool relevant data from pa-
tients and clinicians and help to develop a more systematic protocol for
evaluation, treatment, and follow-up of patients with lower-extremity
NTMI.

In conclusion, regardless of immune status, patients with lower-
extremity NTMI have similar characteristics, treatments, and outcomes.
However, identification of immunosuppressed individuals is important
because they are at substantial risk for the development of disseminated
NTMI and associated complications. A nonhealing and indolent infec-
tion should trigger a high index of suspicion for NTMI. Results of cul-
tures, biopsies, and imaging studies are critical to diagnosis. No stan-
dard antimicrobial therapy exists, and the treatment regimen depends
on a number of factors, including NTM species, antimicrobial suscept-
ibility, and severity of infection. Surgery may be needed, especially to
eradicate deep-seated infections. Bone and joint infection requires
longer treatment time than SSTI, and clinical and radiologic improve-
ment can guide treatment.
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