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We present a case of tenosynovitis caused by a novel, slowly growing, nonchromogenic, nontuberculous mycobacterium (NTM).
Originally misidentified as Mycobacterium tuberculosis complex, the NTM cross-reacts with the M. tuberculosis complex nucleic
acid hybridization probe, a M. tuberculosis gamma interferon release assay, and is closely related to M. tuberculosis by 16S rRNA
gene sequencing.

CASE REPORT

A58-year-old previously healthy female presented to her pri-
mary care physician with right thumb pain, swelling, warmth

and erythema, and a blister at the base of the thumb. The lesion
did not improve despite 2 weeks of amoxicillin treatment followed
by 2 weeks of cephalexin treatment. An X-ray suggested osteoar-
thritis. After 2 months without improvement, an orthopedist in-
jected a corticosteroid, with temporary improvement of the swell-
ing and erythema. However, the swelling subsequently recurred,
and magnetic resonance imaging (MRI) revealed moderate teno-
synovitis of the flexor tendon. She underwent operative irrigation
and debridement, and marked edema without purulence was
noted. An operative specimen was negative by direct examination
and culture for bacteria, fungi, and mycobacteria. Histologic ex-
amination revealed chronic inflammation, nonnecrotizing gran-
ulomas, fibrosis, and focal mild acute inflammation of a soft-tis-
sue mass, as well as inflammation of the flexor tendon sheath. No
further antimicrobial therapy was prescribed, and the patient
noted improvement of the thumb.

Two weeks after surgery, new swelling was noted that was lo-
calized to her right wrist with focal symptoms of carpal tunnel
syndrome, including a positive Tinel’s sign result. The patient was
treated with two injections of triamcinolone and lidocaine (Xylo-
caine) for presumed carpal tunnel syndrome without improve-
ment. She underwent a second surgery for a carpal tunnel release
and tenosynovectomy of the sublimis tendons. The operative re-
port noted that the tendons were adherent and covered with a
“thick, granulated-type tissue.” Direct smears and cultures were
negative for bacteria, fungi, and mycobacteria. Evidence of gran-
ulomatous synovitis was seen by histologic examination of the
tissue. The patient was referred to a rheumatologist, who initiated
oral therapy with nonsteroidal anti-inflammatory agents and per-
formed a corticosteroid injection into the interphalangeal (IP)
joint. Extensive swelling and pain developed after the steroid in-
jection with rapidly worsening erythema and painful swelling that
progressed despite initiation of amoxicillin-clavulanate. The pa-
tient returned to the operating room for repeated debridement.
The operative report noted “extensive chronic granulomatous-

type tissue throughout the joint into the IP joint, under the exten-
sor tendons and extending into the soft tissues.” Operative sam-
ples were obtained for culture. Throughout these episodes of
waxing and waning swelling and erythema, the patient remained
afebrile and felt systemically well; her only symptoms were the
swelling and tenderness of her thumb and, subsequently, her
wrist. She denied rash, involvement of other joints, cough, fatigue,
weight loss, night sweats, or fevers.

On postoperative day 13, a mycobacterial broth culture from
the third debridement was positive and contained a slowly grow-
ing, nonchromogenic mycobacteria. A DNA nucleic acid hybrid-
ization probe (Hologic GenProbe AccuProbe, San Diego, CA)
identified the organism as Mycobacterium tuberculosis complex. A
chest X-ray showed no evidence of active disease and no evidence
of prior granulomatous disease. The result of a gamma interferon
release assay (T-Spot.TB; Oxford Diagnostic Laboratories, Marl-
borough, MA) was also positive. She was started on M. tuberculosis
antimicrobial therapy, which included rifampin (RIF), isoniazid
(INH), pyrazinamide (PZA), and ethambutol (EMB) (RIPE ther-
apy), with vitamin B6 supplementation.

Two days after initiating RIPE therapy, she developed worsen-
ing swelling and pain of the right thumb, as well as IP joint insta-
bility. Out of concern for possible bacterial superinfection, she
was subjected to repeat bedside debridement with initiation of
vancomycin and cefepime, in addition to ongoing RIPE therapy.
All cultures showed no growth; parenteral antibiotics were dis-
continued, and she completed a 14-day course of amoxicillin-
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clavulanate treatment. Nineteen days after initiating RIPE ther-
apy, she underwent repeat debridement, realignment, and
arthrodesis with external fixation; cultures from this operative
debridement grew the same Mycobacterium species. Fourteen days
later, she had repeat operative debridement with bone graft, and
cultures again showed no growth. From this time onward and
while still on RIPE therapy, she showed sustained clinical im-
provement with ongoing reduction in swelling, erythema, and
pain.

The patient had lived her entire life in the New England area,
most recently residing in the Boston area. She had no known tu-
berculosis exposure history and did not recall prior tuberculosis
testing. She had been vacationing in the U.S. Virgin Islands, where
she had been gardening and swimming in tidal pools, 6 weeks
prior to the appearance of the blister. Two weeks prior to the
appearance of the blister, she also recalled sustaining a small cut
on her hand in the same location.

Since the patient did not have risk factors for or clinical signs
consistent with M. tuberculosis, the mycobacterial isolate was re-
ferred to a reference laboratory to confirm its identification. As

discussed below, after extensive laboratory investigations, it was
reported that the isolate was a novel nontuberculous species that
closely resembled M. tuberculosis. Given the development of a
pruritic, macular rash on her abdomen, PZA treatment was dis-
continued at month 4, and azithromycin was added to the remain-
ing antimycobacterials (INH, RIF, and EMB). At month 6, drug
susceptibility testing was available (Table 1), and her antimicro-
bial regimen was changed to INH, moxifloxacin, and azithromy-
cin. At month 13, azithromycin was discontinued because the pa-
tient complained of tinnitus; she continued on moxifloxacin and
INH to complete a total antimicrobial course of 18 months. Fol-
lowing discontinuation of antibiotics, she reported excellent
thumb function, with no erythema, warmth, or swelling.

This novel slowly growing, nonchromogenic, nontuberculous
mycobacterium species isolated from surgical specimen cultures
was originally misidentified as M. tuberculosis complex both at the
primary laboratory and again at a reference laboratory. The or-
ganism stained acid fast with the Kinyoun stain. The M. tubercu-
losis complex DNA AccuProbe (Hologic Gen-Probe) test was re-
peated at the reference laboratory and was positive at 50,094
relative light units (RLU; positivity cutoff, �30,000 RLU) when
tested directly from mycobacterial growth indicator tube (MGIT;
Becton Dickinson, Franklin Lakes, NJ) broth. A Middlebrook
7H11 subculture plate of the organism from broth displayed a
colony morphology consistent with M. tuberculosis that was de-
scribed as a dry, wrinkled, flat, and crystalline nonchromogen
(Fig. 1). Because of the unusual clinical presentation, sequencing
was performed to confirm the M. tuberculosis complex probe re-
sult. The first 500-bp sequence of the 16S rRNA gene resulted in a
99.09% match to an M. tuberculosis type strain in the reference
laboratory’s 16S rRNA gene library (1). According to Clinical and

TABLE 1 MICs for the novel NTM

Agent MIC(s) (�g/ml)

Amikacin �1
Ciprofloxacin 4
Clarithromycin 4
Doxycycline 0.5
Ethambutol 4
Linezolid �1
Moxifloxacin 0.5
Rifabutin �0.25
Rifampin 2
Trimethoprim-sulfamethoxazole 0.25/4.75

FIG 1 Image of a Middlebrook 7H10 plate demonstrating the colony morphology of the novel NTM that was consistent with M. tuberculosis morphology and
that was described as a dry, wrinkled, flat, and crystalline nonchromogen.
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Laboratory Standards Institute (CLSI) guidelines, a sequencing
score for of 99.00% to 99.99% for mycobacteria is not sufficient to
identify to the species level and organisms with such a sequencing
score should be reported as “Mycobacterium, most closely related
to M. tuberculosis” (2). Antimicrobial susceptibility testing using
INH, RIF, EMB, and PZA was performed using an FDA-approved
VersaTREK platform (Trek/Thermo Scientific, Oakwood Village,
OH) and a broth macrodilution method according to the Clinical
and Laboratory Standards Institute methodology (3). Using inter-
pretive criteria for M. tuberculosis, the results indicated the isolate
was susceptible to RIF (1 �g/ml), high-level INH (0.4 �g/ml), and
EMB (5 �g/ml) but resistant to low-level INH (0.1 �g/ml) and
PZA (300 �g/ml). A laboratory-developed M. tuberculosis-specific
PCR assay which targets the katG gene was performed and gave a
negative result (4). In order to confirm the PZA resistance re-
ported by the phenotypic broth method, the reference laboratory
attempted to sequence the pyrazinamidase gene (pncA) (5–7).
However, despite repeated attempts, pncA sequencing of the pa-
tient’s isolate failed. Failure of an M. tuberculosis isolate to produce
a pncA sequence, a rare event in the experience of the laboratory,
in addition to the inability to detect the katG gene, the lack of
100% identity with M. tuberculosis by 16S rRNA gene sequencing,
and the unusual clinical picture, raised suspicion that the isolate
was not M. tuberculosis.

Given these inconsistencies, the isolate was then forwarded to
the Mycobacteria/Nocardia Laboratory at the University of Texas
Health Science Center at Tyler and the Division of Tuberculosis
Elimination at the Centers for Disease Control (CDC) for further
phylogenic analysis and broth microdilution MIC testing. Al-
though sequencing of the full-length 16S rRNA gene indicated
that the isolate was most closely related to M. tuberculosis com-
plex, spoligotyping confirmed that the isolate did not belong to
the M. tuberculosis complex and suggested the presence of a novel
NTM (8, 9). The first 500-bp sequence of the 16S rRNA gene
differed by 4 bp from that of M. tuberculosis but belonged to the
same clade as M. tuberculosis, which includes M. marinum, M.

ulcerans, and M. shottsii (all of which typically cause cutaneous
disease) (Fig. 2) (10). Interestingly, 2 of the 4 nucleotide differ-
ences within the 500-bp sequence occurred within the M. tuber-
culosis complex nucleic acid hybridization probe binding area of
the 16S rRNA between nucleotides 188 and 207 (equivalent to
nucleotide positions 161 to 180; GenBank accession no.
KF683289) but still allowed annealing of the probe (Fig. 3) (11,
12). M. celatum type 1 (one nucleotide substitution) (11, 12), M.
holsaticum (two nucleotide substitutions) (13), and M. terrae (one
nucleotide substitution) (11) have all been reported to cross-react
with the M. tuberculosis complex probe. M. marinum has two nu-
cleotide substitutions in the probe binding region similar to that
of the novel NTM but at different locations and does not cross-
react with the M. tuberculosis complex probe. Therefore, the num-
ber and location of nucleotide substitutions play a role in the
ability of the M. tuberculosis complex probe to cross-react with
other Mycobacterium species. By full 16S rRNA gene sequencing,
the patient isolate was found to be more closely related to M.
tuberculosis than to any other species. The isolate has a 7-bp mis-
match and 2 gap differences with M. tuberculosis. M. marinum and
other species have at least 14 differences, including gaps and base
pair mismatches, with the patient strain. According to the results

FIG 2 Phylogenetic relationship of the novel NTM isolate (TBL 1200985) and related species of Mycobacterium based on 16S rRNA gene sequences. All sequences
used, except for the novel NTM, are type strains. Sequences were aligned with MUSCLE (17) and the tree constructed by the neighbor-joining method using the
Tamura-Nei distance model. All steps were performed using Geneious software. Mycobacterium abscessus CIP 104536 was used as an outgroup (GenBank
accession no. AY457071). Branch support is recorded at the nodes as a percentage of 100 bootstrap iterations.

1. GGATAGGACCACGGGATGCATGTCTTGTGGTGGAAAGCGCTTTAGCGG 
2. GAATAGGACCACAGGATTCATGTCTTGTGGTGGAAAGCGATTTAGCGG 
3. GGATAGGACCATGGGATGCATGTCTTGTGGTGGAAA--GCTTTTGCGG 
4. GGATAGGACCATGGGATGCATGTCTTGTGGTGGAAA--GCTTTTGCGG 
5. GGATAGGACCACGGGATTCATGTCCTGTGGTGGAAA--GCTTTTGCGG 

180 Probe binding region: Positions 188-207 227 

FIG 3 Alignment of partial 16S rRNA gene sequence (positions 180 to 227) for
M. tuberculosis (1), the patient’s novel NTM isolate (2), M. celatum type 1 (3),
M. terrae strain (4), and M. marinum (5). The grayed sequence is the target for
the commercial M. tuberculosis complex DNA probe (Gen-Probe) between
positions 188 and 207 of the 16S rRNA sequence. Nucleotides highlighted in
yellow are differences in the 16S rRNA sequence of the NTM species (2 to 5)
from that of M. tuberculosis (1). Dashes indicate deletions.
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of sequencing of region V of the rpoB gene and of secA1, the pa-
tient’s isolate was related only remotely (90.2% and 93.3%, re-
spectively) to any validated species, with the most closely related
being M. riyadhense and M. kansasii, respectively (14, 15). It had
only 91% identity to M. tuberculosis by secA1 gene analysis. Ac-
cording to the results of hsp65 partial gene sequencing, it was
related only remotely (95.5%) to any validated species, with the
closest being M. intracellulare and other members of the M. avium
complex (19-bp difference in 426 bp) (16). M. tuberculosis had
only 94.6% identity (23-bp difference in 426 bp) to the patient’s
isolate by hsp65 sequencing. Molecular analysis suggests that this
isolate represents a new NTM species (Fig. 4).

In contrast to M. tuberculosis, the novel NTM was unable to
accumulate niacin and could not reduce nitrate to nitrite. Levels of
growth at 30°C and 37°C were equivalent. Addition of X-factor to
the medium did not enhance growth of the isolate. After identifi-
cation of the isolate as a slowly growing, nonchromogenic NTM,
susceptibility testing was performed using the CLSI-recom-
mended broth microdilution method for slowly growing myco-
bacteria using a Slomyco panel (TREK/Thermo Scientific), and,
using interpretive criteria for rifampin-resistant M. kansasii and
other slowly growing NTM, the isolate was found to be susceptible
to clarithromycin, rifabutin, moxifloxacin, trimethoprim-sulfa-
methoxazole (TMP-SMX), amikacin, linezolid, and doxycycline
(Table 1) (3). The isolate demonstrated intermediate susceptibil-
ity to EMB and was resistant to RIF and ciprofloxacin.

This case of granulomatous tenosynovitis was caused by a
novel, slowly growing, nonchromogenic NTM which most closely
resembled M. tuberculosis by 16S rRNA gene sequencing and
which produced a false-positive cross-reaction with the M. tuber-
culosis complex nucleic acid hybridization probe and a gamma
interferon release assay for M. tuberculosis. Similarly to the way in
which M. marinum is commonly acquired, the most likely source
of the mycobacteria was water or soil exposure while the patient
was either in the U.S. Virgin Islands or at home in New England.
Laboratories and clinicians should consider this novel NTM when
the M. tuberculosis complex AccuProbe is positive but the clinical
history makes tuberculosis unlikely. 16S rRNA gene sequencing
can help to distinguish this novel species, since the first 500-bp
sequence differs from M. tuberculosis by 4 nucleotides and the full
16S rRNA sequence differs by 7-bp with 2 gaps.

Nucleotide sequence accession numbers. The gene sequences
for the novel NTM isolate have been deposited in the NCBI Gen-
Bank database (for the 16S rRNA gene, accession no. KF683289;
for the rpoB gene, accession no. KJ371034; for the hsp65 partial
gene sequence, accession no. KJ371035; and for the secA1 gene,
accession no. KJ371036).
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