1130 that activates NF-κB through NEMO. These patients may have associ-

ated immune globulin defects as well. Patients with myelodysplasia and
mycobacterial disease should be investigated for GATA2 deficiency. A
recently recognized group of patients that often develops disseminated
infections with rapidly growing NTM (predominantly M. abscessus) as
well as other opportunistic infections has high-titer neutralizing autoantibodies to IFN-γ. Thus far, this syndrome has been reported most
frequently in East Asian female patients.
IV catheters can become infected with NTM, usually as a consequence of contaminated water. M. abscessus and M. fortuitum
sometimes infect deep indwelling lines as well as fluids used in eye surgery, subcutaneous injections, and local anesthetics. Infected catheters
should be removed.

PART 8
Infectious Diseases

Pulmonary Disease Lung disease is by far the most common form of
nontuberculous mycobacterial infection in North America and the rest
of the industrialized world. The clinical presentation typically consists
of months or years of throat clearing, nagging cough, and slowly progressive fatigue. Patients will often have seen physicians multiple times
and received symptom-based or transient therapy before the diagnosis
is entertained and samples are sent for mycobacterial stains and cultures. Because not all patients can produce sputum, bronchoscopy may
be required for diagnosis. The typical lag between onset of symptoms
and diagnosis is ~5 years in older women. Predisposing factors include
underlying lung diseases such as bronchiectasis (Chap. 312), pneumoconiosis (Chap. 311), chronic obstructive pulmonary disease (Chap.
314), primary ciliary dyskinesia (Chap. 312), α1 antitrypsin deficiency
(Chap. 367e), and cystic fibrosis (Chap. 313). Bronchiectasis and
nontuberculous mycobacterial infection often coexist and progress in
tandem. This situation makes causality difficult to determine in a given
index case, but bronchiectasis is certainly among the most critical predisposing factors that are exacerbated by infection.
MAC organisms are the most common causes of pulmonary nontuberculous mycobacterial infection in North America, but rates vary
somewhat by region. MAC infection most commonly develops during
the sixth or seventh decade of life in women who have had months or
years of nagging intermittent cough and fatigue, with or without sputum
production or chest pain. The constellation of pulmonary disease due
to NTM in a tall and thin woman who may have chest wall abnormalities is often referred to as Lady Windermere syndrome, after an Oscar
Wilde character of the same name. In fact, pulmonary MAC infection
does afflict older nonsmoking white women more than men, with onset
at ~60 years. Patients tend to be taller and thinner than the general
population, with high rates of scoliosis, mitral valve prolapse, and pectus
anomalies. Whereas male smokers with upper-lobe cavitary disease tend
to carry the same single strain of MAC indefinitely, nonsmoking females
with nodular bronchiectasis tend to carry several strains of MAC simultaneously, with changes over the course of their disease.
M. kansasii can cause a clinical syndrome that strongly resembles
tuberculosis, consisting of hemoptysis, chest pain, and cavitary lung
disease. The rapidly growing NTM, such as M. abscessus, have been
associated with esophageal motility disorders such as achalasia.
Patients with pulmonary alveolar proteinosis are prone to pulmonary
nontuberculous mycobacterial and Nocardia infections; the underlying mechanism may be inhibition of alveolar macrophage function due
to the autoantibodies to granulocyte-macrophage colony-stimulating
factor found in these patients.
Cervical Lymph Nodes The most common form of nontuberculous
mycobacterial infection among young children in North America
is isolated cervical lymphadenopathy, caused most frequently by
MAC organisms but also by other NTM. The cervical swelling is
typically firm and relatively painless, with a paucity of systemic signs.
Because the differential diagnosis of painless adenopathy includes
malignancy, many children have infection with NTM diagnosed
inadvertently at biopsy; cultures and special stains may not have been
requested because mycobacterial disease was not ranked high in the
differential. Local fistulae usually resolve completely with resection
and/or antibiotic therapy. Likewise, the entity of isolated pediatric
intrathoracic nontuberculous mycobacterial infection, which is
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probably related to cervical lymph node infection, is usually mistaken
for cancer. In neither isolated cervical nor isolated intrathoracic
infections with NTM have children with underlying immune defects
been identified, nor do the affected children go on to develop other
opportunistic infections.
Skin and Soft Tissue Disease Cutaneous involvement with NTM usually
requires a break in the skin for introduction of the bacteria. Pedicure
bath–associated infection with M. fortuitum is more likely if skin abrasion (e.g., during leg shaving) has occurred just before the pedicure.
Outbreaks of skin infection are often caused by rapidly growing NTM
(especially M. abscessus, M. fortuitum, and M. chelonae) acquired via
skin contamination from surgical instruments (especially in cosmetic
surgery), injections, and other procedures. These infections are typically accompanied by painful, erythematous, draining subcutaneous
nodules, usually without associated fever or systemic symptoms.
M. marinum lives in many water sources and can be acquired from
fish tanks, swimming pools, barnacles, and fish scales. This organism typically causes papules or ulcers (“fish-tank granuloma”), but
the infection can progress to tendinitis with significant impairment
of manual dexterity. Lesions appear days to weeks after inoculation of organisms by a typically minor trauma (e.g., incurred during
the cleaning of boats or the handling of fish). Tender nodules due
to M. marinum can advance up the arm in a pattern also seen with
Sporothrix schenckii (sporotricoid spread). The typical carpal tendon
involvement may be the first presenting manifestation and may lead
to surgical exploration or steroid injection. The index of suspicion for
M. marinum infections must be high to ensure that proper specimens
obtained during procedures are sent for culture.
M. ulcerans, another waterborne skin pathogen, is found mainly in
the tropics, especially in tropical areas of Africa. Infection follows skin
trauma or insect bites that allow admission to contaminated water.
The skin lesions are typically painless, clean ulcers that slough and can
cause osteomyelitis. The toxin mycolactone accounts for the modest
host inflammatory response and the painless ulcerations.
DIAGNOSIS
NTM can be detected on acid-fast or fluorochrome smears of sputum
or other body fluids. When the organism burden is high, the organisms
may appear as gram-positive beaded rods, but this finding is unreliable. (In contrast, nocardiae may appear as gram-positive and beaded
but filamentous bacteria.) Again, the requisite and most sensitive step
in the diagnosis of any mycobacterial disease is to think of including
it in the differential. In almost all laboratories, mycobacterial sample
processing, staining, and culture are conducted separately from routine bacteriologic tests; thus many infections go undiagnosed because
of the physician’s failure to request the appropriate test. In addition,
mycobacteria usually require separate blood culture media. NTM are
broadly differentiated into rapidly growing (<7 days) and slowly growing (≥7 days) forms. Because M. tuberculosis typically takes ≥2 weeks
to grow, many laboratories refuse to consider culture results final until
6 weeks have elapsed. Newer techniques using liquid culture media
permit more rapid isolation of mycobacteria from specimens than is
possible with traditional media. Species more readily detected with
incubation at 30°C include M. marinum, M. haemophilum, and M.
ulcerans. M. haemophilum prefers iron supplementation or blood,
whereas M. genavense requires supplemented medium with the additive mycobactin J. Bacterial formation of pigment in light conditions
(photochromogenicity) or dark conditions (scotochromogenicity) or a
lack of bacterial pigment formation (nonchromogenicity) has been used
to help categorize NTM. In contrast to NTM colonies, M. tuberculosis
colonies are beige, rough, dry, and flat. Current identification schemes
can reliably use biochemical, nucleic acid, or cell wall composition, as
assessed by high-performance liquid chromatography or mass spectrometry, for speciation. With the remarkable decline in U.S. cases of
tuberculosis over recent decades, NTM have become the mycobacteria
most commonly isolated from humans in North America. However, not
all isolations of NTM, especially from the lung, reflect pathology and
require treatment. Whereas identification of an organism in a blood or
organ biopsy specimen in a compatible clinical setting is diagnostic, the
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