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SUMMARY

Diagnostic Criteria of Nontuberculous Mycobacterial
Lung Disease

The minimum evaluation of a patient suspected of nontubercu-
lous mycobacterial (NTM) lung disease should include the fol-
lowing: (1) chest radiograph or, in the absence of cavitation,
chest high-resolution computed tomography (HRCT) scan; (2)
three or more sputum specimens for acid-fast bacilli (AFB) analysis;
and (3) exclusion of other disorders, such as tuberculosis (TB).
Clinical, radiographic, and microbiologic criteria are equally im-
portant and all must be met to make a diagnosis of NTM lung
disease. The following criteria apply to symptomatic patients
with radiographic opacities, nodular or cavitary, or an HRCT scan
that shows multifocal bronchiectasis with multiple small nodules.
These criteria “t best with Mycobacterium avium complex (MAC),
M. kansasii, and M. abscessusThere is not enough known about
most other NTM to be certain that these diagnostic criteria are
universally applicable for all NTM respiratory pathogens.



368 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 175 2007

Clinical.

1. Pulmonary symptoms, nodular or cavitary opacities on
chest radiograph, or an HRCT scan that shows multifocal
bronchiectasis with multiple small nodules.

and
2. Appropriate exclusion of other diagnoses.

Microbiologic.

1. Positive culture results from at least two separate expecto-
rated sputum samples. (If the results from the initial spu-
tum samples are nondiagnostic, consider repeat sputum
AFB smears and cultures.)

or
2. Positive culture results from at least one bronchial wash
or lavage.

or

3. Transbronchial or other lung biopsy with mycobacterial
histopathologic features (granulomatous inflammation or
AFB) and positive culture for NTM or biopsy showing
mycobacterial histopathologic features (granulomatous in-
flammation or AFB) and one or more sputum or bronchial
washings that are culture positive for NTM.

4. Expert consultation should be obtained when NTM are
recovered that are either infrequently encountered or that
usually represent environmental contamination.

5. Patients who are suspected of having NTM lung disease but
who do not meet the diagnostic criteria should be followed
until the diagnosis is firmly established or excluded.

6. Making the diagnosis of NTM lung disease does not, per
se, necessitate the institution of therapy, which is a decision
based on potential risks and benefits of therapy for individ-
ual patients.

Key Laboratory Features of NTM

1. The preferred staining procedure is the fluorochrome
method. Specimens should be cultured on both liquid
and solid media. Species that require special growth con-
ditions and/or lower incubation temperatures include
M. haemophilum, M. genavense, and M. conspicuum. These
species can cause cutaneous and lymph node disease.

2. In general, NTM should be identified to the species level.
Methods of rapid species identification include commercial
DNA probes (MAC, M. kansasii, and M. gordonae) and
high-performance liquid chromatography (HPLC). For
some NTM isolates, especially rapidly growing mycobac-
terial (RGM) isolates (M. fortuitum, M abscessus, and
M. chelonae), other identification techniques may be nec-
essary including extended antibiotic in vitro susceptibility
testing, DNA sequencing or polymerase chain reaction
(PCR) restriction endonuclease assay (PRA).

3. Routine susceptibility testing of MAC isolates is recom-
mended for clarithromycin only.

4. Routine susceptibility testing of M. kansasii isolates is rec-
ommended for rifampin only.

5. Routine susceptibility testing, for both taxonomic identifi-
cation and treatment of RGM (M. fortuitum, M abscessus,
and M. chelonae) should be with amikacin, imipenem
(M. fortuitum only), doxycycline, the fluorinated quinolones,
a sulfonamide or trimethoprim-sulfamethoxazole, cefoxitin,
clarithromycin, linezolid, and tobramycin (M. chelonae

only).

Health Care— and Hygiene-associated Disease Prevention

Prevention of health care-related NTM infections requires that
surgical wounds, injection sites, and intravenous catheters not
be exposed to tap water or tap water—derived fluids. Endoscopes
cleaned in tap water and clinical specimens contaminated with
tap water or ice are also not acceptable.

Prophylaxis and Treatment of NTM Disease

1. Treatment of MAC pulmonary disease. For most patients
with nodular/bronchiectatic disease, a three-times-weekly
regimen of clarithromycin (1,000 mg) or azithromycin (500
mg), rifampin (600 mg), and ethambutol (25 mg/kg) is
recommended. For patients with fibrocavitary MAC lung
disease or severe nodular/bronchiectatic disease, a daily
regimen of clarithromycin (500-1,000 mg) or azithromycin
(250 mg), rifampin (600 mg) or rifabutin (150-300 mg),
and ethambutol (15 mg/kg) with consideration of three-
times-weekly amikacin or streptomycin early in therapy is
recommended. Patients should be treated until culture
negative on therapy for 1 year.

2. Treatment of disseminated MAC disease. Therapy should
include clarithromycin (1,000 mg/d) or azithromycin
(250 mg/d) and ethambutol (15 mg/kg/d) with or without
rifabutin (150-350 mg/d). Therapy can be discontinued
with resolution of symptoms and reconstitution of cell-
mediated immune function.

3. Prophylaxis of disseminated MAC disease. Prophylaxis
should be given to adults with acquired immunodeficiency
syndrome (AIDS) with CD4" T-lymphocyte counts less
than 50 cells/pl. Azithromycin 1,200 mg/week or clarithro-
mycin 1,000 mg/day have proven efficacy. Rifabutin
300 mg/day is also effective but less well tolerated.

4. Treatment of M. kansasii pulmonary disease. A regimen
of daily isoniazid (300 mg/d), rifampin (600 mg/d), and
ethambutol (15 mg/kg/d). Patients should be treated until
culture negative on therapy for 1 year.

5. Treatment of M. abscessus pulmonary disease. There are
no drug regimens of proven or predictable efficacy for
treatment of M. abscessus lung disease. Multidrug regi-
mens that include clarithromycin 1,000 mg/day may cause
symptomatic improvement and disease regression. Surgi-
cal resection of localized disease combined with multidrug
clarithromycin-based therapy offers the best chance for
cure of this disease.

6. Treatment of nonpulmonary disease caused by RGM
(M. abscessus, M. chelonae, M. fortuitum). The treatment
regimen for these organisms is based on in vitro susceptibil-
ities. For M. abscessus disease, a macrolide-based regimen
is frequently used. Surgical debridement may also be an
important element of successful therapy.

7. Treatment of NTM cervical lymphadenitis. NTM cervical
lymphadenitis is due to MAC in the majority of cases and
treated primarily by surgical excision, with a greater than
90% cure rate. A macrolide-based regimen should be con-
sidered for patients with extensive MAC lymphadenitis or
poor response to surgical therapy.

INTRODUCTION

This is the third statement in the last 15 years dedicated entirely
to disease caused by NTM (1, 2). The current unprecedented
high level of interest in NTM disease is the result of two major
recent trends: the association of NTM infection with AIDS
and recognition that NTM lung disease is encountered with
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increasing frequency in the non-AIDS population. Furthermore,
NTM infections are emerging in previously unrecognized set-
tings, with new clinical manifestations. Another major factor
contributing to increased awareness of the importance of NTM
as human pathogens is improvement in methodology in the my-
cobacteriology laboratory, resulting in enhanced isolation and
more rapid and accurate identification of NTM from clinical
specimens. Consistent with the advances in the mycobacteriology
laboratory, this statement has an emphasis on individual NTM
species and the clinical disease—specific syndromes they produce.
A major goal is facilitating the analysis of NTM isolates by the
health care provider, including determination of the clinical and
prognostic significance of NTM isolates and therapeutic options.

There are controversies in essentially all aspects of this very
broad field and, whenever possible, these controversies are high-
lighted. Hence, an attempt is made to provide enough informa-
tion so that the clinician understands the recommendations in
their appropriate context, especially those made with inadequate
or imperfect supporting information. Also, when there is not
compelling evidence for one recommendation, alternative rec-
ommendations or options are presented.

This statement also includes new topics not addressed in
previous statements, including advances in the understanding of
the pathogenesis of NTM disease, descriptions of new NTM patho-
gens, clinical areas of emerging NTM disease such as cystic fibro-
sis, new NTM disease manifestations such as hypersensitivity-
like lung disease, and public health implications of NTM disease
such as prevention and surveillance. This statement will also
take advantage of web-based resources through the American
Thoracic Society (ATS) website for illustration and amplification
of selected topics, discussion of additional topics not included
in this document, as well as the capacity for updating information
in this rapidly changing field.

Large gaps still exist in our knowledge. Limitations in system-
atic data have made it necessary for many of the recommenda-
tions in this document to be based on expert opinion rather than
on empirically derived data. Unquestionably, more and better
studies of NTM diseases must be done. The committee organized
to create this document is composed of scientists and physicians
residing in the United States. This document, therefore, repre-
sents a United States’ perspective of NTM diseases that may
not be appropriate for NTM diseases in other parts of the world.

METHODS

Review of the available literature and subsequent grading of
recommendations were accomplished by the members of the
writing committee. The search for evidence included hand-
searching journals, reviewing previous guidelines, and searching
electronic databases including MEDLINE and PubMed. Only
articles written in English were considered. Final decisions for
formulating recommendations were made by voting among com-
mittee members. The recommendations are rated on the basis
of a system developed by the U.S. Public Health Service and
the Infectious Diseases Society of America (IDSA) (3). The
rating system includes a letter indicating the strength of the
recommendation, and a roman numeral indicating the quality
of the evidence supporting the recommendation (3) (Table 1).
Thus, clinicians can use the rating to differentiate among recom-
mendations based on data from clinical trials and those based
on the opinions of the experts comprising the writing committee,
who are familiar with the relevant clinical practice and scientific
rationale for such practice when clinical trial data are not available.
Ratings following each numbered recommendation pertain to all
points within the numbered recommendation. Each member of
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the writing committee has declared any conflict of interest. These
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TAXONOMY

When the last ATS statement about NTM was prepared in 1997,
there were approximately 50 NTM species that had been identi-
fied. Currently, more than 125 NTM species have been cataloged
(4, 5). A list of NTM species identified since 1990 is provided
in the online supplement. A comprehensive list of all validated
NTM species can be found online at www.bacterio.cict.fr/m/
mycobacterium.html. There has been a dramatic recent increase
not only in the total number of mycobacterial species but also
in the number of clinically significant species. Clinicians might
reasonably ask, “Why are there so many new NTM species?”
The increase relates to improved microbiologic techniques for
isolating NTM from clinical specimens and, more importantly,
to advances in molecular techniques with the development and
acceptance of 16S rRNA gene sequencing as a standard for
defining new species.

Early taxonomic studies compared up to 100 growth and
biochemical tests of large numbers of strains in multiple collabo-
rative laboratories. Work focused around the International
Working Group on Mycobacterial Taxonomy. New species were
defined on the ability to phenotypically separate the new taxon
from established species. This work was time and labor intensive
and not adequate for separating many NTM species. Subse-
quently, species were identified by comparisons of genomic
DNA,; new species had similarity (homology) of less than 70%
on DNA-DNA pairing experiments with established species.
This type of comparison was highly technical, highly labor inten-
sive, and required comparison of possible new species to all
established related species. By its very nature, this technique
limited identification of new species.

The dramatic change in mycobacterial taxonomy came with
the ready availability and reliability of DNA sequencing. Investi-
gators recognized that the mycobacterial 16S rRNA gene was
highly conserved, and that differences in the sequence of 1% or
greater generally defined a new species (4, 5). Also critical to
the dramatic change was the appearance of publicly available
databases that stored the 16S rRNA gene sequences of estab-
lished mycobacterial species. Recognition of a novel NTM spe-
cies is now relatively simple: perform 16S rRNA gene sequence
analysis of a suspected new species and compare the results with
those in the databases. Numerous new species are appearing
from laboratories all over the world rather than from a small
number of mycobacterial taxonomists. Itis likely that the number
of new species will continue to expand rapidly as 16S rRNA
gene sequencing analysis is performed on increasing numbers
of isolates of clinical disease that cannot be identified with com-
mercial nucleic acid probes. It is possible that the number of
NTM species will increase to more than 150 before the publica-
tion of the next NTM disease statement.

This expansion in new NTM species is, therefore, largely a
consequence of newer identification techniques that are capable
of separating closely related NTM species, as opposed to the
sudden appearance of new NTM species. For instance, M. triplex,
M. lentiflavum, M. celatum, and M. conspicuum (among others)
might previously have been identified as MAC based on tradi-
tional biochemical and/or phenotypic analyses. The clinical sig-
nificance of these species separations may be subtle or negligible,
but the clinician inevitably will continue to be confronted by
new NTM species designations.

EPIDEMIOLOGY

NTM are widely distributed in the environment with high isola-
tion rates worldwide (6, 7). Organisms can be found in soil and
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TABLE 1. THE STRENGTH OF RECOMMENDATIONS BASED ON QUALITY OF EVIDENCE (ADAPTED FROM THE INFECTIOUS
DISEASE SOCIETY OF AMERICA/UNITED STATES PUBLIC HEALTH SERVICE RATING SYSTEM)

Categories Reflecting the Strength of Each
Recommendation for or against Its Use

Grades Reflecting the Quality of Evidence on
Which Recommendations Are Based

Category Definition Grade Definition
A Good evidence to support a recommendation for use | Evidence from at least one properly randomized, controlled trial
B Moderate evidence to support a recommendation Il Evidence from at least one well-designed clinical trial without randomization, from cohort
for use or case-controlled analytic studies (preferably from more than one center), from multiple
C Poor evidence to support a recommendation for or time-series studies or from dramatic results in uncontrolled experiments
against use Il Evidence from opinion of respected authorities, based on clinical experience, descriptive
D Moderate evidence to support a recommendation studies, or reports of expert committees
against use
E Good evidence to support a recommendation against use

water, including both natural and treated water sources (M.
kansasii M. xenopi, and M. simiae are recovered almost exclu-
sively from municipal water sources and rarely, if ever, from
other environmental sources). When identical methods are used,
isolation rates of NTM from the environment are remarkably
similar in diverse geographic areas (6, 7). There is no evidence
of animal-to-human or human-to-human transmission of NTM
(7...11). Even in patients with cystic “brosis (CF), an apparently
highly susceptible population and a population in which other
opportunistic organisms are clearly passed between patients,
there has been no documentation of human-to-human transmis-
sion of NTM (12). Human disease is suspected to be acquired
from environmental exposures, although the speci“c source of
infection usually cannot be identi“ed (13).

NTM may cause both asymptomatic infection and symptom-
atic disease in humans. Rates of asymptomatic infection have
been inferred from both antibody and skin test studies. In areas
where infection with M. tuberculosisis uncommon, antibody to
a common mycobacterial antigen, lipoarabinomannin (LAM),
can be assumed to be due predominantly to NTM infection.
Antibody to LAM is detectable among children in the United
States, rising rapidly between the ages of 1 and 12 years, then
appearing to plateau (14). Skin test studies in adults indicate
that a substantial proportion have had prior and presumably
asymptomatic infection with NTM (15, 16). Skin test studies
with an M. intracellulare puri“ed protein derivative (PPD-B)
conducted among U.S. Navy recruits in the 1960s showed that
reactions of greater than 4 mm induration were more common in
the southeastern than northern United States, suggesting higher
background rates of NTM infection in these areas (16). Reactions
to skin tests derived from NTM are not suf‘ciently species spe-
ci“c to indicate which nontuberculous mycobacterium might
have been responsible for these asymptomatic infections, and it
is possible that cross-reactivity with M. tuberculosis infection
contributed to some of these reactions. However, because MAC
organisms are the most common cause of NTM disease in the
United States, it is likely that MAC was also the most common
cause of infection. In these patients, asymptomatic infection with
NTM has not been shown to lead to latent infection, so that in
contrast to TB, there is currently no evidence that NTM are
associated with reactivation disease.

NTM diseases have been seen in most industrialized coun-
tries; incidence rates vary from 1.0 to 1.8 cases per 100,000
persons (17). These overall incidence rates are estimates based
on numbers of NTM isolates reported. MAC is the most common
NTM species causing disease in most series, but many species

have been implicated (Table 2). Rates appear to be similar in
most developed countries, but surveillance information is lim-
ited. Because NTM diseases are not communicable, they are not
reportable in the United States. Although several reports have
suggested that the incidence of NTM diseases has increased
over the past several decades, this observation has not been
conclusively established due to the lack of comprehensive sur-
veillance efforts. The most common clinical manifestation of
NTM disease is lung disease, but lymphatic, skin/soft tissue, and
disseminated disease are also important (18, 19). In the United
States between 1981 and 1983, 94% of the NTM isolates reported
to the Centers for Disease Control and Prevention (CDC) labo-
ratory were pulmonary, whereas 3% were lymph node and 3%
were skin/soft tissue isolates (19). In the late 1980s and early
1990s, NTM isolates associated with disseminated disease in
patients with AIDS were reported almost as frequently as pulmo-
nary isolates (20, 21). More recently, the CDC published the
results of NTM isolates reported by state public health labora-
tories to the Public Health Laboratory System (PHLIS) database
for the period 1993 through 1996 (22). During this period, of
the NTM isolated, 75% were pulmonary, whereas 5% were from
blood, 2% from skin/soft tissue, and 0.4% from lymph node
isolates. The most frequently reported potentially pathogenic
species and corresponding report rates over the 4-year period
(per 1,000,000 population) were as follows: MAC, 29 to 36 iso-
lates; M. fortuitum, 4.6 to 6 isolates; andM. kansasii, 2 to 3.1
isolates. Regionally, all three NTM species were reported most
often from the southeastern United States. There are, however,
signi“cant limitations interpreting and extrapolating these data.
Reporting of NTM species suspected to be involved in disease
to PHLIS was voluntary, and not all states participated. There-
fore, the data do not represent the absolute occurrence and
distribution of NTM species in the United States. In addition,
the numbers of isolates are presented as ereport rates,Z o
re”ect a lack of veri“cation of clinical signi“‘cance of the reportZ
(emphasis in report). Because the reports were not veri‘ed,
interpreting the association of these isolates with clinical data
is problematic.

Overall, there is not substantially more or better information
about NTM disease prevalence than that published in the 1997
ATS statement on NTM, except that, in most state public health
laboratories, NTM isolates, especially MAC isolates, are more
common than M. tuberculosis isolates (21, 22).

More epidemiologic information is provided in the discus-
sions of speci“c disease syndromes and for individual NTM spe-
cies, and in Table 2.

PATHOGENESIS

Over the past two decades, three important observations have
been made regarding the pathogenesis of NTM infections:
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TABLE 2. CLINICAL DISEASE CAUSED BY NONTUBERCULOUS MYCOBACTERIA (ALPHABETICAL ORDER BY SPECIES)

Common Page Comment Uncommon Page Comment
Pulmonary Disease
M. abscessus 396 Worldwide; may be found concomitant with MAC M. asiaticunt Rarely isolated
M. avium complex 386 Worldwide; most common NTM pathogen in U.S. M. celatum* Cross-reactivity with TB-DNA probe
M. kansasii 395 U.S., Europe, South Africa, coal-mining regions M. chelonae 398
M. malmoense 399 U.K., northern Europe; uncommon in U.S. M. fortuitum 398 Associated with aspiration
M. haemophilum 399 Rarely isolated
M. xenopi 402 Europe, Canada; uncommon in U.S.; associated with M. scrofulaceum 400 South Africa; uncommon in U.S.
pseudoinfection
M. shimoidef Rarely isolated
M. simiae 401 Southwest U.S., associated with pseudo-outbreaks
M. smegmatis 401 Rarely isolated
M. szulgai 401 Rarely isolated, not an environmental contaminant
Lymphadenitis
M. avium complex 386 Worldwide; most common NTM pathogen in U.S. M. abscessus Rarely isolated
M. malmoense 399 U.K., northern Europe (especially Scandinavia) M. chelonae 398
M. scrofulaceum 400 Worldwide; previously common, now rarely isolated M. fortuitum 398
in U.S. M. genavense 399 Fastidious species $eeLABORATORYPROCEDURES
M. haemophilum 399 Fastidious species $eeLABORATORYPROCEDURES
M. kansasii Rarely isolated
M. szulgai 401 Rarely isolated
Disseminated Disease
M. avium complex 386 Worldwide; AIDS; most common NTM M. abscessus 396 Non-AIDS immunosuppressed
pathogen in U.S. M. celatum®* AIDS
M. chelonae 398 U.S.; non-AIDS immunosuppressed skin lesions M. conspicuunt AIDS, non-AIDS immunosuppressed
M. fortuitum 398 Non-AIDS immunosuppressed
M. haemophilum 399 AIDS; U.S., Australia; non-AIDS immunosuppressed M. genavense 399 AIDS
M. kansasii 395 AIDS; U.S., South Africa M. immunogenum 399 Rare, associated with pseudo-outbreaks
M. malmoense 399 U.K., northern Europe; non-AIDS immunosuppressed
M. marinum 400 Worldwide; AIDS
M mucogenicum 400 Central venous catheter infections
M. scrofulaceum 400 Rarely isolated
M. simiae 401 Southwest U.S., associated with pseudoinfection
M. szulgai 401 Rarely isolated
M. xenopi 402 Europe, Canada, associated with pseudoinfection
Skin, Soft Tissue, and Bone Disease
M. abscessus 396 Penetrating injury M. avium complex 386 Worldwide
M. chelonae 398 U.S., associated with keratitis and M. haemophilum 399 Extremities, cooler body sites
disseminated disease M. immunogenum 399 Rarely isolated, associated with pseudo-outbreaks
M. fortuitum 398 Penetrating injury, footbaths M. kansasii Rarely isolated
M. marinum 400 Worldwide, fresh- and saltwater M. malmoense 399 U.K., northern Europe
M. ulcerans 402 Australia, tropics, Africa, Southeast Asia, not U.S. M. nonchromogenicum 400 Tenosynovitis
M. smegmatis 401 Rarely isolated
M. szulgai 401 Rarely isolated
M. terrae complex 402 Tenosynovitis
Specimen Contaminant
M. gordonae 399 Most common NTM contaminant
M. haemophilum 399
M. mucogenicum 400
M. nonchromogenicum 400
M. terrae complex 402

Definition of abbreviations MAC  Mycobacterium aviumcomplex; NTM

* Seethe online supplement.

1. In patients infected with HIV, disseminated NTM infec-
tions typically occurred only after the CD4  T-lymphocyte
number had fallen below 50/ I, suggesting that speci“c
T-cell products or activities are required for mycobacterial
resistance (23, 24).

2. In the HIV-uninfected patient group, genetic syndromes
of disseminated NTM infection have been associated with

speci‘c mutations in interferon (IFN)-
(IL)-12 synthesis and response pathways (25, 26) (IFN-
receptor 1 [IFN R1], IFN-
1 subunit [IL12R 1], the IL-12 subunit p40

receptor

and interleukin

receptor 2 [IFN R2], IL-12

nontuberculous mycobacteria.

[IL12p40], the signal transducer and activator of transcrip-

tion 1 [STAT1], and the nuclear factor-

lator [NEMOY]).

3. There is also an association between bronchiectasis, nodu-
lar pulmonary NTM infections and a particular body habi-
tus, predominantly in postmenopausal women (e.g., pectus
excavatum, scoliosis, mitral valve prolapse) (27).

essential modu-

Host Defense and Immune Defects

Mycobacteria are initially phagocytosed by macrophages, which
respond with production of IL-12, which in turn up-regulates
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IFN-y (28). IFN-y activates neutrophils and macrophages to
kill intracellular pathogens, including mycobacteria. There is a
positive feedback loop between IFN-y and IL-12, which is critical
for the control of mycobacteria, as well as certain other intracel-
lular infections. Disseminated NTM disease is a definite manifes-
tation of immunologic defect, either acquired, such as HIV and
iatrogenic factors, or genetic, caused by defects in the above
IFN-vy/IL-12 pathway genes. However, these genetic factors only
predispose to disseminated disease.

Pulmonary Disease

Lung disease due to NTM occurs commonly in structural lung
disease, such as chronic obstructive pulmonary disease (COPD),
bronchiectasis, CF, pneumoconiosis, prior TB, pulmonary alveo-
lar proteinosis, and esophageal motility disorders (12, 19, 29-32).
Abnormal CF genotypes and «;-antitrypsin (AAT) phenotypes
may predispose some patients to NTM infection (33-35). NTM
lung disease also occurs in women without clearly recognized
predisposing factors (32, 36-38). Bronchiectasis and NTM infec-
tion, usually MAC, often coexist, making causality difficult to
determine. These patients may carry multiple MAC strains over
time, suggesting either polyclonal infection or recurrent infection
with distinct strains (38). It is unclear whether this problem is
due to local abnormalities (e.g., bronchiectasis) or to immune
defects. In one study from Japan, 170 patients with MAC lung
infection were studied: of 622 siblings of those patients, 3 had
MAC lung disease. The implication is that the sibling risk for
MAC infection is much higher than previously estimated popula-
tion prevalence (11).

Body Morphotype

Women with nodular NTM pulmonary infections associated with
bronchiectasis have similar clinical characteristics and body type,
sometimes including scoliosis, pectus excavatum, mitral valve
prolapse, and joint hypermobility (27). These phenotypic charac-
teristics may represent markers for specific genotypes that affect
both body morphotype and NTM infection susceptibility. Alter-
natively, the morphotype itself may influence mycobacterial in-
fection susceptibility, through such features as poor tracheobron-
chial secretion drainage or ineffective mucociliary clearance.

Tumor Necrosis Factor Inhibition

IFN-y and IL-12 control mycobacteria in large part through the
up-regulation of tumor necrosis factor (TNF)-«, made predomi-
nantly by monocytes/macrophages. The critical role of TNF-a
in controlling intracellular infections is made clear through the
use of TNF-a blocking agents. The potent TNF-« blocking anti-
bodies infliximab and adalimumab and the soluble receptor etan-
ercept are effective antiinflammatory agents and lead to rela-
tively high rates of development of active TB in those who are
latently infected (39, 40). The onset of TB after administration
of infliximab ranges from weeks to months. In addition to TB, the
TNF-a blocking agents predispose to invasive fungal infections,
such as aspergillus, histoplasmosis, and coccidioidomycosis (41).
Infections with mycobacteria and fungi are seen with all three
agents, but significantly more with infliximab than etanercept.
Adalimumab should be regarded as having similar risks. The
risk posed by TNF-a blocking agents for predisposing to NTM
infections or promoting progression of active NTM infection is
unknown. Until more information is available, expert opinion
is that patients with active NTM disease should receive TNF-a
blocking agents only if they are also receiving adequate therapy
for the NTM disease.

LABORATORY PROCEDURES

Since the publication of the last ATS statement on NTM, the
Clinical and Laboratory Standards Institute (CLSI), formerly
known as the National Committee for Clinical Laboratory Stan-
dards (NCCLYS), has published an approved standard for NTM
susceptibility testing by mycobacteriology laboratories (42, 43).
The institute provides a global forum for the development of
standards and guidelines. All proposed standards from the insti-
tute are subjected to an accredited consensus process before
being published as “accepted standards.” The institute suggests
that to maintain efficiency, effectiveness, and consistency in the
interpretation of test results, it is important that other health
care—associated organizations ascribe to the same standards and
practices as approved by the CLSI. Unless noted in the text,
recommendations in this document are consistent with CLSI
published standards.

Collection, Digestion, Decontamination, and
Staining of Specimens

Specimens for mycobacterial identification and susceptibility
testing may be collected from almost any area of the body.
Collection of all specimens should avoid potential sources of
contamination, especially tap water, because environmental my-
cobacteria are often present. Specimens should be submitted with-
out fixatives. Observing routine safety precautions by collecting
samples in sterile, leak-proof, disposable, labeled, laboratory-
approved containers is important. Transport media and preser-
vatives are not usually recommended, although refrigeration of
samples at 4°C is preferred if transportation to the laboratory
is delayed more than 1 hour. For diagnostic purposes, it may be
necessary to collect multiple respiratory specimens on separate
days from outpatients. Specimens for mycobacterial analysis can
be shipped or mailed. Overnight shipping with refrigerants such
as cold packs is optimal, although mycobacteria can still be
recovered several days after collection even without these mea-
sures. The longer the delay between collection and processing,
however, the greater is the risk of bacterial overgrowth. Treat-
ment with commonly used antibiotics such as macrolides and
quinolones might adversely affect the yield of NTM recovery.
Therefore, if possible, antibiotic use should be limited during
diagnostic evaluation of NTM diseases.

Respiratory Specimens

To establish the diagnosis of NTM lung disease, the collection
of three early-morning specimens on different days is preferred.
For patients unable to produce sputum, sputum can also be
induced. Induced sputum is an effective method for diagnosing
TB; however, similar data establishing the effectiveness of spu-
tum induction for diagnosing NTM lung disease are not available
(44). In addition, the optimal methodology for sputum induction
in this setting has not been determined. If sputum cannot be
obtained, bronchoscopy with or without lung biopsy may be
necessary. Because of clinical similarities between NTM lung
disease and TB, appropriate precautions to prevent the nosoco-
mial transmission of TB should be followed when performing
these procedures. It is also important to perform appropriate clean-
ing procedures for bronchoscopes that include the avoidance of
tap water, which may contain environmental mycobacteria.

Body Fluids, Abscesses, and Tissues

Aseptic collection of as much body fluid or abscess fluid as
possible by needle aspiration or surgical procedures is recom-
mended. Swabs are not recommended for sample collection
because they often are not aggressively applied, resulting in
limited culture material, and are also subject to dessication, thus
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decreasing chances for recovery of NTM. If a swab is used, the
swab should be saturated with the sampled fluid to assure an
adequate quantity of material for culture. When submitting tis-
sue, the specimen should not be wrapped in gauze or diluted in
liquid material. If only a minute amount if tissue is available,
however, it may be immersed in a small amount of sterile saline
to avoid excessive drying.

Blood

Several commercial mycobacterial blood culture systems for
NTM are available (see online supplement). Coagulated blood
or blood collected in ethylenediaminetetraacetic acid (EDTA)
is unacceptable. For rapidly growing mycobacteria (RGM), these
special mycobacterial systems are not required as most RGM
species grow well in routine blood culture systems.

Specimen Processing

To minimize contamination or overgrowth of cultures with bacte-
ria and fungi, digestion and decontamination procedures should
be performed on specimens collected from nonsterile body sites.
Samples from contaminated sites contain other organisms that
may grow more rapidly than NTM and interfere with the recov-
ery of mycobacteria. Because NTM, especially RGM, are much
more susceptible to decontamination than M. tuberculosis, these
procedures should not be so severe as to eliminate the mycobac-
teria potentially present. Tissue samples or fluids from normally
sterile sites do not require decontamination. Tissues should be
ground aseptically in sterile physiological saline or bovine albu-
min and then directly inoculated onto the media.

The most widely used digestion—-decontamination method
uses N-acetyl-L-cysteine-sodium hydroxide (NALC-NaOH). This
method is often used in conjunction with a 5% oxalic acid pro-
cedure (“double processing”) for specimens from patients
with CF or bronchiectasis whose sputa are known to be contami-
nated with aerobic gram-negative rods, especially Pseudomonas
aeruginosa (42, 45). Instructions for commonly used digestion—
decontamination methods are described elsewhere (46-48). Be-
cause NTM may be sensitive to oxalic acid decontamination,
with reduced yield on culture, another option is to use a two-
step decontamination approach reserving oxalic acid only for
those specimens overgrown by bacteria other than NTM (47-49).

Smear Microscopy

The recommended method for staining clinical specimens for
AFB, including both M. tuberculosis and NTM, is the fluoro-
chrome technique, although the Ziehl-Neelsen method or
Kinyoun stain are acceptable but less sensitive alternatives. The
Gram stain is not adequate for detection of mycobacteria. In
many cases, the NTM, especially the RGM, may be more sensi-
tive to the AFB decolorization procedure and may not stain at
all with fluorochrome stains. Therefore, if RGM are suspected,
it may be prudent to use a weaker decolorizing process. It is
also noteworthy that negative smears do not necessarily mean
that NTM, especially RGM, are not present in a clinical sample.

Semiquantitative analysis of smears can be useful for diagnos-
tic purposes. Fluorochrome smears are graded from 1+ (1-9
organisms per 10 high-power fields) to 4+ (> 90 organisms
per high-power field) (47). The burden of organisms in clinical
material is usually reflected by the number of organisms seen
on microscopic examination of stained smears. Environmental
contamination, which usually involves small numbers of organ-
isms, rarely results in a positive smear examination. Previous
studies have indicated that specimens with a high number of
mycobacteria isolated by culture are associated with positive
smears and, conversely, specimens with a low number of myco-
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bacteria isolated by culture are less likely to have positive smears
(50).

Culture Techniques

All cultures for mycobacteria should include both solid and broth
(liquid) media for the detection and enhancement of growth (43).
However, broth media cultures alone may not be satisfactory
because of bacterial overgrowth. Cultures in broth media have
a higher yield of mycobacteria and produce more rapid results
than those on solid media. The advantages of solid media over
broth media are that they allow the observation of colony mor-
phology, growth rates, recognition of mixed (more than one
mycobacterial species) infections, and quantitation of the in-
fecting organism, and serve as a backup when liquid media cul-
tures are contaminated.

Broth media. One of the most widely used broth systems is
the nonradiometric mycobacteria growth indicator tube (MGIT)
(Becton Dickinson, Sparks, MD), which contains a modified
Middlebrook 7H9 broth in conjunction with a fluorescence
guenching-based oxygen sensor to detect mycobacterial growth.
As the mycobacteria grow and deplete the oxygen present, the
indicator fluoresces when subjected to ultraviolet light. For de-
tailed discussion of broth (liquid) media culture techniques, see
the online supplement.

Solid media. Recommended solid media include either egg-
based media, such as Léwenstein-Jensen agar or agar-based me-
dia such as Middlebrook 7H10 and 7H11 media. The agar-based
media may also be used for susceptibility testing. Biphasic media,
such as the Septi-Chek System (Becton Dickinson), provide en-
hanced recovery of most NTM in one system, but these are not
rapid detection systems.

Semiquantitative (0-4+) reporting of NTM colony counts on
solid media is recommended by the CLSI. A single positive
respiratory sample with a low colony count (e.g., broth culture
positive only) is less likely to be clinically significant than a
sample with a high colony count (e.g., growth on both solid and
broth media). This approach also helps in the assessment of
response to therapy. After successful therapy of MAC lung dis-
ease and at least 10 months of negative cultures during therapy,
a single positive culture that is AFB smear negative and of low
culture positivity (< 10 colonies on solid media and/or positive in
the broth media only) generally represents either contamination
(false-positive culture) or transient new infections and not re-
lapse of the original infecting strain (38, 51).

M. haemophilum, M. genavense, M. avium subsp. paratuber-
culosis (formerly M. paratuberculosis), and M. ulcerans are ex-
amples of fastidious NTM that require special supplementation
for recovery on culture. M. haemophilum grows only on media
supplemented with iron-containing compounds such as ferric
ammonium citrate, hemin, or hemoglobin. Because M. haemo-
philum has a predilection for skin and the body’s extremeties,
all specimens from skin lesions, joints, or bones should be
cultured in a manner suitable for recovery of this species.
M. genavense and M. avium subsp. paratuberculosis require my-
cobactin J, and M. ulcerans may be optimally recovered with
egg yolk supplementation.

Incubation of NTM Cultures

The optimal temperature for most cultures for NTM is between
28° and 37°C. Most clinically significant slowly growing myco-
bacteria grow well on primary isolation at 35° to 37°C with the
exception of the following: the newly described M. conspicuum,
which requires temperatures from 22° to 30°C for several weeks
and only grows at 37°C in liquid media, M. haemophilum, which
prefers temperatures from 28° to 30°C, M. ulcerans, which grows
slowly at 25° to 33°C, and some strains of M. chelonae, which
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require temperatures between 28° and 33°C (5). Cultures for
RGM and M. marinum should be incubated at 28° to 30°C. All
skin, joint fluid, and bone specimens should be cultured at 28°
to 30°C and at 35° to 37°C. Optimal recovery of all species may
require duplicate sets of media at two incubation temperatures.

Most NTM grow within 2 to 3 weeks on subculture. To detect
M. ulcerans or M. genavense, cultures should be incubated for
at least 8 to 12 weeks. Rapidly growing mycobacteria usually
grow within 7 days of subculture. Earlier detection of NTM
can be expected with liquid-based systems. When stated on the
laboratory report, the time in days to the detection of mycobacte-
rial growth can be helpful to clinicians as an indication of isola-
tion of a rapidly growing species.

Recommendations:

1. As much material as possible for NTM culture should be
provided with clear instructions to the laboratory to culture
for mycobacteria (C, I1I).

2. All cultures for NTM should include both a rapid detection
broth (liquid) media technique and solid media cultures
(C, ).

3. Quantitation of the number of colonies on plated culture
media should be performed to aid clinical diagnosis (C,
).

4. Supplemented culture media and special culture condi-
tions (lower incubation temperatures) should be used for
material cultured from skin lesions, joints, and bone (A,
).

5. The time (in days) to detection of mycobacterial growth
should be stated on the laboratory report (C, I11).

NTM Identification

Because of differences in antimicrobial susceptibility that deter-
mine treatment options, species-level identification of the NTM
is becoming increasingly clinically important (43). Several factors
increase the likelihood of clinical significance of NTM isolates,
including the recovery from multiple specimens or sites, recovery
of the organism in large quantities (AFB smear—positive speci-
mens), or recovery of an NTM isolate from a normally sterile
site such as blood. For initial clinical mycobacterial isolates,
however, it is sometimes difficult to determine the clinical sig-
nificance of the isolate without species identification. Therefore,
identification of most mycobacterial isolates to the species level
and not merely as groups, such as “M. chelonae/abscessus group”
is strongly recommended. If, after consultation between the clini-
cian and the laboratorian and in the event that a specific labora-
tory does not have the necessary technology for species identifi-
cation of an NTM isolate, the isolate could be sent to a reference
laboratory for further analysis.

It is equally important to recognize that not all clinically
obtained NTM isolates, especially from sputum, will need exten-
sive identification efforts. For instance, a pigmented rapidly
growing mycobacterium recovered in low numbers from only
one of multiple sputum specimens from a patient undergoing
therapy for MAC lung disease would not need an extensive
effort for identification of that isolate as it would not likely be
clinically significant. Awareness of the context from which an
NTM isolate is obtained can be critically important in determin-
ing the need for speciation of that isolate. Again, communication
between the clinician and laboratorian is critical for making this
type of determination.

Phenotypic testing. Preliminarily, NTM can be categorized
by growth rate and pigmentation, which will help guide in the

selection of proper testing procedures, including appropriate
media selection and incubation temperatures. Recent studies
have shown, however, that identification using only conventional
biochemical analysis is both time consuming and increases turn-
around time, leading to significant delays in diagnosis (52).

Detailed descriptions of methods, procedures, and quality
control measures have been published (47, 48). Isolates of NTM,
which form colonies on subculture in 7 days or fewer, are re-
ferred to as “rapidly growing mycobacteria” or RGM. Con-
versely, those isolates of NTM that require more than 7 days to
form mature colonies on subculture are termed “slowly growing
mycobacteria.” Although many of the conventional and tradi-
tional laboratory tests for mycobacterial evaluation are not rou-
tinely used, the rate of growth is still useful for preliminary broad
classification of a nontuberculous mycobacterium.

Traditionally, NTM have also been divided into three groups
based on the production of pigment. These growth characteristics
are rarely detailed in modern mycobacterial laboratories, but
the presence of pigmentation and smooth colony morphology
quickly exclude the isolate as belonging to the M. tuberculosis
complex that forms nonpigmented and rough colonies.

Biochemical testing of NTM uses a battery of tests, again
based on the growth rate of the NTM. The use of conventional
testing alone does not allow identification of many of the newly
described NTM and thus newer methods, including HPLC and
molecular methods, must be used.

Chemotaxonomic testing: HPLC. HPLC is a practical, rapid,
and reliable method for identifying many slowly growing species
of NTM. HPLC can also be used in the direct analysis of primary
cultures of mycobacteria grown in BACTEC 7H12B medium
(Becton Dickinson) and the identification of MAC directly from
samples with AFB smear—positive results (53). However, HPLC
has limitations. Recognition of some newer species and species
within the M. simiae complex is difficult. It has also been re-
ported that some species within the M. fortuitum group and the
M. smegmatis group are difficult to separate, and distinction
between M. abscessus and M. chelonae may not be possible (54).
HPLC analysis will be less useful in the future, as identification
of NTM species will be accomplished by molecular methods.

Genotypic methods for identification of NTM. COMMERCIALLY
AVAILABLE MOLECULAR PROBES. Acridium ester—labeled DNA
probes specific for MAC (or separately for M. avium and M.
intracellulare), M. kansasii, and M. gordonae have been approved
by the U.S. Food and Drug Administration (FDA) and are
currently used in many clinical laboratories (AccuProbe; Gen-
Probe, Inc., San Diego, CA) for the rapid identification of NTM.
This technique is based on the release of target 16S rRNA from
the organism. Testing can be performed using isolates from solid
or liquid culture media and identification of these species can
be achieved within 2 hours. Studies have shown 100% specificity
with a sensitivity between 85 and 100%. Only a few NTM species
have available probes, representing a major limitation. In addi-
tion, there is the potential for cross-reaction of the probe for
M. tuberculosis with M. celatum (55).

PRA. The current PRA method widely adopted for the identi-
fication of NTM is based on the coupling of the PCR of a 441-
bp sequence of the gene encoding the 65-kD heat shock protein
(hsp65) followed by restriction enzyme digestion. The size of
the restriction fragments is generally species specific (56-59). In
one study, 100% of 129 nonpigmented RGM were identified
using PRA (60). However, some taxa may require additional
endonucleases for species identification (60).

The PRA method is relatively rapid, does not require viable
organisms, and identifies many NTM species that are not identi-
fiable by phenotypic or chemotaxonomic techniques alone. How-
ever, this system is not commercially available; therefore, the
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clinician may need to work closely with a public health or refer-
ence laboratory to determine the best method for species identi-
fication for a particular NTM isolate.

DNA SEQUENCE ANALYSIS. The 16S rRNA is an approximately
1,500 nucleotide sequence encoded by the 16S ribosomal DNA
(rDNA), which is a highly conserved gene with regions common
to all organisms (conserved regions) and also areas where nucle-
otide variations occur (variable regions). For purposes of myco-
bacterial identification, sequence analysis focuses on two hyper-
variable sequences known as regions A and B. The sequence of
region A is usually adequate to identify most NTM species,
although sequencing of region B may be necessary, especially
in the identification of undescribed species or those species which
cannot be differentiated by sequence of the region A alone (5).
Examples include M. kansasiilM. gastri, as well as M. ulcerans
and M. marinum, and M. shimoidei and M. triviale. 1solates of
M. chelonae and M. abscessus cannot be differentiated within
the regions A and B, although they do vary at other 16S rRNA
gene sites (although only by a total of 4 bp) (60, 61).

Problems with this method are that species of recent diver-
gence may contain highly similar 16S rRNA gene sequences. For
example, the difference between M. szulgai and M. malmoense is
two nucleotides, although it is well established that these are two
distinct species. In addition, no interstrain nucleotide sequence
difference value that unequivocally defines different species has
been established for mycobacteria (48).

The automation of sequence analysis by the introduction of
commercial systems like the MicroSeq 500 16S rDNA Bacterial
Sequencing Kit (PE Applied Biosystems, Foster City, CA), in
which a 500-bp sequence of the NTM is analyzed and compared
with a commercially prepared database, has made sequencing
more efficient for use in the clinical laboratory. One of the major
limitations of this system, however, is that the MicroSeq database
has only one entry per species (generally the type strain) (61).
This is particularly problematic when the unknown isolate does
not have an exact match in the databases. Currently, isolates
may be reported as “most closely related to” a species depending
on the sequence difference between the unknown isolate and
the database entry (62, 63).

Recommendations:

1. Clinically significant NTM isolates should be routinely
identified to the species level. An important exception is
MAC because the differentiation between M. avium and
M. intracellulare is not yet clinically significant. Although
not routinely recommended, this differentiation may be
important epidemiologically and, in the future, therapeuti-
cally (C, HI).

2. The RGM (especially M. chelonae, M. abscessus, and
M. fortuitum) should be identified to species level using
a recognized acceptable methodology, such as PRA or
biochemical testing, not HPLC alone (A, II).

3. Susceptibility of RGM for eight agents, including amikacin,
cefoxitin, clarithromycin, ciprofloxacin, doxycycline, linez-
olid, sulfamethoxazole, and tobramycin, can also be used
to facilitate identification of M. abscessus, M. chelonae,
and M. fortuitum (C, 111).

4. Communication between the clinician and laboratorian
is essential for determining the importance and extent of
the identification analysis for a clinical NTM isolate
(C, .
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Antimicrobial Susceptibility Testing for NTM

Context:

There is ongoing debate about the role of in vitro susceptibility
testing for managing patients with NTM disease. The controversy
primarily stems from the observation that, unlike M. tuberculosis,
MAC response to anti-TB drugs such as rifampin and etham-
butol may not be reliably predicted on the basis of current
in vitro susceptibility test methods. NTM such as M. kansasii,
M. marinum, or M. fortuitum are susceptible in vitro to multiple
antimicrobial drugs and the clinical response to therapeutic
agents appears to closely parallel the in vitro susceptibility pat-
tern, although this observation has not been evaluated by ran-
domized controlled trials. In contrast, MAC has limited in vitro
susceptibility, and clinical response has been shown to correlate
only with the macrolides. Last, organisms such as M. abscessus
and M. simiae have limited in vitro susceptibility, with limited
evidence for a correlation between in vitro susceptibility to any
agentand clinical response in the treatment of pulmonary disease
caused by these agents. Interestingly, for skin and soft tissue
infections caused by M. abscessus, there does appear to be a
correlation between in vitro susceptibility and clinical response,
although this observation has not been prospectively evaluated.
Susceptibility breakpoints have been defined in the laboratory
to distinguish populations of mycobacteria that are labeled sus-
ceptible and resistant. For many NTM, however, these labora-
tory cutoffs have not been confirmed to be clinically meaningful,
so that there are few data to validate susceptibility testing for
many NTM species as a guide for choosing antibiotics. Until the
relationship between in vitro susceptibility of many NTM and
their clinical response to antimicrobial drugs is better understood
and clarified, the clinician should use in vitro susceptibility data
with an appreciation of its limitations and with the awareness
that, unlike TB, some NTM disease may not be eradicated in a
given patient with therapy based on in vitro susceptibility results.
The use of in vitro susceptibility testing for NTM is outlined
below and consistent with CLSI recommendations.

Slowly growing mycobacteria. For the slowly growing NTM,

no single susceptibility method is recommended for all species.
For isolates of MAC, the CLSI has recommended a broth-based
method with both microdilution or macrodilution methods being
acceptable (43). Until further multicenter studies have been per-
formed with the other slowly growing mycobacteria, broth and
solid methods of susceptibility testing may be performed with
the caveat that each laboratory must validate each method for
each species tested, and quality control and proficiency testing
requirements should be enforced.
MAC. Initial isolates from patients with previously untreated
MAC lung disease should be tested to clarithromycin to establish
baseline values. The isolate may also be saved for future testing,
especially to determine if future isolates represent relapse or
new infections by comparative DNA fingerprinting of baseline
and subsequent isolates (51). Other isolates to be tested include
the following:

1. Isolates from patients who previously received macrolide
therapy to determine whether or not the isolates are still
macrolide susceptible.

2. Isolates from patients with MAC pulmonary disease on
macrolide-containing regimens who relapse or fail after 6
months of macrolide-containing therapy.

3. Isolates from patients with AIDS who develop bacteremia
on macrolide prophylaxis.
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bronchiectasis, with many patients having clusters of small
(< 5 mm) nodules in associated areas of the lung (90-94). These
findings correspond histopathologically to bronchiectasis, bron-
chiolar and peribronchiolar inflammation, and granuloma for-
mation (94). Cavitation also frequently accompanies these
abnormalities. Other NTM species, including M. abscessus,
M. chelonae, M. simiae, and M. kansasii (and probably other
species), can also be associated with this radiographic appear-
ance (32, 95).

A plain chest radiograph may be adequate for evaluating
patients with fibrocavitary disease. However, HRCT of the chest
is now routinely indicated to demonstrate the characteristic ab-
normalities of nodular/bronchiectatic NTM lung disease.

Mpycobacterial cultures. Presumptive diagnosis based on clini-
cal and radiographic features is not adequate for initiation of
therapy. Isolation of NTM in culture is essential for the diagnosis
of NTM lung disease. It should be stressed that NTM are found
widely in nature; therefore, contamination of respiratory speci-
mens occurs. A single positive sputum culture, especially with
a small number of organisms, is generally regarded as indetermi-
nant for diagnosis of NTM lung disease. NTM species that are
generally not pathogenic and usually isolated due to contamina-
tion when recovered from respiratory specimens include M. gor-
donae, M. terrae complex, M. mucogenicum, and M. scrofu-
laceum (Table 2). Other species known to be present in tap
water that may reflect contamination when recovered from a
single sample include M. simiae and M. lentiflavum.

Patients should have at least three sputum specimens col-
lected on separate days and analyzed for AFB to optimize posi-
tive predictive value of sputum analysis. In a study evaluating
the association of MAC isolated from sputum and new cavitary
or infiltrative lesions on chest radiograph (96), 114 patients had
a single isolation of MAC (from three specimens) and only 2 of
these patients, both with specimens that were AFB smear posi-
tive, subsequently developed new chest radiographic abnormali-
tites. In addition, 26 of 29 (90%0) patients who had MAC isolated
from two specimens and 39 of 40 (98%) patients with MAC
isolated from three specimens had progressive radiographic ab-
normalities. All 116 patients who had four or more MAC isolates
had progressive radiographic abnormalities. Furthermore, 181
of 185 (98%) patients who had two or more MAC isolates,
generally on the initial three sputum specimens collected, also
had progressive radiographic abnormalities.

Clinical studies have established the validity of bronchial
washings as a culture source for M. tuberculosis (44). Limited
data suggest that bronchial lavage may also be useful for diagnos-
ing NTM (MAC) lung disease (97). There is expert consensus
that bronchial washings are more sensitive than routine expecto-
rated sputum testing and less likely to be affected by environ-
mental contamination if the bronchoscopic specimens are
protected from tap water (see HEALTH CARE AND HYGIENE-
ASSOCIATED DISEASE AND DISEASE PREVENTION). The routine use
of bronchoscopy for diagnosis and follow-up of patients with
NTM lung disease is not established.

The recovery of NTM from sputum can sometimes obfuscate
or delay the diagnosis of other important lung diseases (98, 99).
In patients with nondiagnostic microbiologic and radiographic
studies (i.e., patients who do not clearly meet diagnostic criteria),
or if there is concern about the presence of another disease
producing radiographic abnormalities, a lung biopsy (broncho-
scopic or surgical) may be required for diagnosis. If a tissue
sample from a transbronchial, percutaneous, or open-lung biopsy
yields an NTM organism and shows histopathologic changes
typical of mycobacterial disease (i.e., granulomatous inflammation
with or without the presence of AFB), this by itself is sufficient
to establish the diagnosis of NTM lung disease. If the lung biopsy

is negative on culture (which may occur when transbronchial
biopsies are performed because of the small size of the tissue
sample) but demonstrates mycobacterial histopathology features
(without a history of other granulomatous or mycobacterial dis-
ease), NTM lung disease is considered to be present when one
or more sputum specimens or bronchial washes are culture posi-
tive for NTM.

Other tests. There has been a great deal of interest in the
availability of species-specific skin test antigens. Unfortunately,
many antigenic epitopes are shared by different mycobacterial
species and extensive cross-reactions are observed with different
mycobacterial skin test antigens. Dual skin testing with PPD
tuberculin and M. avium sensitin can help discriminate between
culture-positive lung disease due to MAC and that due to M.
tuberculosis (100). However, M. avium sensitin is not being de-
veloped for commercial use as an intradermal skin test.

Recommendations:

1. The minimum evaluation of a patient suspected of NTM
lung disease should include (1) chest radiograph or, in the
absence of cavitation, chest HRCT scan; (2) three or more
sputum specimens for AFB analysis; and (3) exclusion of
other disorders such as TB and lung malignancy. In most
patients, a diagnosis can be made without bronchoscopy
or lung biopsy (A, 11).

2. Disease caused by M. tuberculosis is often in the differen-
tial diagnosis for patients with NTM lung disease. Empiric
therapy for TB, especially with positive AFB smears and
results of nucleic acid amplification testing, may be neces-
sary pending confirmation of the diagnosis of NTM lung
disease (C, III).

Diagnostic criteria. Overly rigorous criteria might delay or
prevent the diagnosis, with the subsequent risk for progressive
disease. Conversely, criteria that are too lenient could result
in unnecessary exposure of patients to potentially toxic and
expensive therapy. Because NTM lung disease is generally slowly
progressive (relative to TB), there is usually sufficient time to
collect adequate clinical material, specifically multiple respira-
tory specimens, necessary for making a diagnosis. For patients
in whom the diagnosis is unclear, expert consultation should be
sought.

Given the large number of identified NTM species, the wide
spectrum of NTM virulence, and the variable host susceptibility
for NTM, it is unlikely that a single set of diagnostic criteria
would be useful or accurate for all NTM species in all clinical
circumstances. A limitation of all diagnostic criteria developed so
far is that, by necessity, they were developed based on experience
with common and well-described respiratory pathogens such as
MAC, M. kansasii, and M. abscessus. Itis assumed, but not proven,
that the concepts outlined in these guidelines are pertinent for
other less common NTM respiratory pathogens. Suggested criteria
for diagnosing NTM lung disease are listed in Table 3.

The previous ATS guidelines included recommendations based
on quantitation of smears and cultures in the diagnostic criteria.
Many laboratories, however, do not report quantitative smear and
culture results, especially those using only liquid (broth) culture
media. Therefore, the diagnosis of NTM lung disease must some-
times be made on the basis of smear and culture positivity or
negativity without quantitation. As noted in LABORATORY PROCE-
DURES, both liquid and solid media cultures are recommended, as
is quantitation of mycobacterial growth on solid media cultures.

It has been previously suggested that the respiratory tract
can be infected with NTM without disease, particularly in
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TABLE 3. CLINICAL AND MICROBIOLOGIC CRITERIA FOR DIAGNOSING NONTUBERCULOUS MYCOBACTERIAL LUNG DISEASE

Clinical (both required)
1. Pulmonary symptoms, nodular or cavitary opacities on chest radiograph, or a high-resolution computed tomography scan that shows multifocal bronchiectasis
with multiple small nodules (A, I)*
and
2. Appropriate exclusion of other diagnoses (A, I)

Microbiologic
1. Positive culture results from at least two separate expectorated sputum samples (A, Il). If the results from (1) are nondiagnostic, consider repeat sputum AFB
smears and cultures (C, III).
or
2. Positive culture result from at least one bronchial wash or lavage (C, Ill)
or
3. Transbronchial or other lung biopsy with mycobacterial histopathologic features (granulomatous inflammation or AFB) and positive culture for NTM or biopsy
showing mycobacterial histopathologic features (granulomatous inflammation or AFB) and one or more sputum or bronchial washings that are culture positive
for NTM (A, II)
4. Expert consultation should be obtained when NTM are recovered that are either infrequently encountered or that usually represent environmental contamination
(C, 1y
5. Patients who are suspected of having NTM lung disease but do not meet the diagnostic criteria should be followed until the diagnosis is firmly established or
excluded (C, IlI)
6. Making the diagnosis of NTM lung disease does not, per se, necessitate the institution of therapy, which is a decision based on potential risks and benefits of

therapy for individual patients (C, Ill)

* For evidence quality, see Table 1.

patients with chronic respiratory disease (18, 19, 84). This condi-
tion has been referred to as “colonization,” and was described
most often with MAC. The concept of airway colonization by
NTM has never been tested rigorously. There is not enough
known about the pathophysiology of NTM lung disease to be
sure that colonization is not, in fact, indolent or slowly progres-
sive infection. No pathologic studies have been done to demon-
strate the absence of tissue invasion, and more recent studies
with HRCT have shown that these patients often have a combi-
nation of multifocal bronchiectasis and nodular parenchymal
disease now believed to be due to mycobacterial disease (90-94).
Colonization without infection (i.e., no tissue invasion) is an
unproven condition for NTM. Given the generally slow progres-
sion of NTM lung disease, it is incumbent on the clinician to
collect enough respiratory specimens for AFB analysis and to
follow patients for an adequate period of time for confirmation or
refutation of the diagnosis of NTM lung disease. If the diagnosis
remains in question, the patient should remain under observation
and expert consultation sought.

Because NTM can be isolated due to environmental contami-
nation, including contamination of clinical specimens, in general
more than one culture-positive specimen for NTM is necessary
for diagnostic purposes. The exception, outlined in the diagnostic
guidelines above, is the patient with classic symptoms and radio-
graphic findings for nodular/bronchiectatic NTM lung disease
who is unable to produce sputum for AFB analysis. For this
specific type of patient, the isolation of NTM, especially MAC,
from one bronchoscopic specimen is considered adequate for
the diagnosis of NTM lung disease. For most NTM other than
MAC, expert consultation would be required to determine the
significance of NTM isolated from a single bronchoscopic speci-
men. The significance of a single sputum specimen culture posi-
tive for a nontuberculous mycobacterium is more uncertain. In
a study of 118 men in a gold-mining workforce in South Africa
from whom NTM were isolated, only 27% met the ATS case
definitions for pulmonary NTM disease (2, 101). This patient
population had a high incidence of TB and HIV infection; there-
fore, most patients (70%) were started on empiric anti-TB ther-
apy before species identification of the mycobacterial isolate.
M. kansasii, which is susceptible to anti-TB drugs, was the most
common NTM species isolated. For many patients, therefore,
follow-up (confirmatory) respiratory AFB specimens had nega-

tive results. The authors concluded that (1997) ATS case defini-
tions were difficult to apply in their high-risk study population.
For selected patients, therefore, treatment decisions can be
guided by the pathogenic potential of NTM isolates, especially
a virulent NTM species such as M. kansasii, even if multiple
specimens are not positive or available. Expert consultation may
be helpful for making this decision. In most circumstances and
for most NTM respiratory isolates, however, one positive culture
is not adequate for making a diagnosis of NTM lung disease.

Conversely, there may also be circumstances where patients
meet diagnostic criteria for NTM lung disease but do not, in
fact, have progressive disease or sufficiently severe disease to
warrant therapy. Such a circumstance could arise with the re-
peated isolation of low-virulence NTM, such as M. fortuitum,
or NTM usually associated with specimen contamination (see
Table 2). These patients require careful clinical evaluation and
collection of multiple specimens for AFB analysis over time and,
sometimes, more invasive diagnostic procedures. A strength of
the diagnostic guidelines is the emphasis on longitudinal patient
follow-up, an opportunity provided by the generally indolent
nature of NTM disease. Most diagnostic uncertainty can be over-
come with this approach, including determining the significance
of the recovery of relatively less virulent NTM species (e.g.,
M. fortuitum), and NTM species that are usually contaminants
(M. gordonae and M. terrae complex). This determination may
also require expert consultation.

The interpretation of NTM in the sputum of HIV-infected pa-
tients presents a particular problem. In general, for patients with
abnormal chest radiographs, the diagnostic criteria recommended
for immunocompetent hosts are still applicable, with an emphasis
on the exclusion of other possible pulmonary pathogens. In the
absence of radiographic evidence of pulmonary disease, respira-
tory isolates of NTM in HIV-seropositive persons may be due to
disseminated NTM disease or can be a harbinger of disseminated
disease or represent transient infection (102). In addition, some
NTM species that are generally considered nonpathogenic have
been associated with pulmonary disease in the HIV-infected
host. Given these considerations, the diagnosis of lung disease
caused by NTM is usually not difficult if a combination of clinical,
radiographic, and bacteriologic criteria is used.

Last, there are clinical problems not directly addressed by
these diagnostic guidelines. For instance, the significance of an
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NTM isolated from a patient during therapy for pulmonary TB
is uncertain. The significance of two NTM species isolated simul-
taneously from a patient is also unknown. The combination of
MAC and M. abscessus is especially well recognized. Unfortu-
nately, there is not sufficient information to answer these issues
broadly so that patients in these circumstances must be ap-
proached on an individual basis. Both these events are likely to
occur with increased frequency because of improved recovery
of NTM by mycobacteriology laboratories. Patients who present
with these clinical scenarios must be evaluated carefully, on an
individual basis, and may require expert consultation.

Cystic Fibrosis

Epidemiology. Before 1990, NTM were uncommonly associated
with CF (103). Since that time, multiple centers across the United
States and in Europe have reported a prevalence of NTM in
respiratory specimens ranging from 4 to 20% in the CF popula-
tion screened. In a recent large cross-sectional assessment of
NTM prevalence in the United States, three respiratory speci-
mens were systematically collected over the course of a year
from approximately 1,000 subjects aged 10 years and older from
21 geographically dispersed CF centers (12). NTM were recov-
ered from at least one of these specimens in 13% of the subjects.
Most of these had a single positive culture (70%), but 16% had
two and 13% had three positive cultures. Smear results were
positive in 26% of culture-positive specimens. The most common
species recovered were MAC (76%) and M. abscessus (18%),
with a few subjects (4%) having both species. The prevalence
of NTM seems to be highly correlated with age, approaching
40% in patients older than 40 years (12), although pediatric
patients have a higher proportion of M. abscessus and are more
likely to meet the ATS microbiologic criteria for disease (104,
105).

Pathophysiology. The reasons for the high prevalence of NTM
in patients with CF are not clear. The underlying structural
airway disease and altered mucociliary clearance may be predis-
posing factors. A similar prevalence of NTM has been described
in primary ciliary dyskinesia, also characterized by bronchiectasis
and altered mucociliary clearance (106). An increased preva-
lence of mutations in the CF gene (CF transmembrane conduc-
tance regulator [CFTRY]) has been noted in elderly persons with
NTM and nodular bronchiectatic lung disease, suggesting a possi-
ble role of CFTR in predisposing to NTM infection (33-35).
The transmissibility of other pathogens between patients with
CF, such as Burkholderia cepacia, and the frequent aggregation
of patients on hospital wards for prolonged periods of time
raise questions about person-to-person transfer or nosocomial
acquisition from institutional water supplies. Two single-center
and a large multicenter study using molecular epidemiologic tech-
niques have failed to show any evidence of person-to-person
transfer (12, 104, 107). Similarities in frequency of clinic visits,
days hospitalized, and aerosol inhalational device use among
patients with CF with and without positive cultures suggest no
greater exposure to medical water reservoirs among NTM-posi-
tive patients with CF (12, 104). Although not likely common
sources of acquisition, institutional water reservoirs remain po-
tential sources of concern as was noted in a recent study of
an M. simiae outbreak, which included a patient with CF with
multiple smear-positive isolates (108).

Diagnosis. In general, the diagnostic criteria for NTM lung
disease listed earlier in this statement are applicable for patients
with CF as well. However, diagnosing disease caused by these
organisms can be quite difficult due to overlapping symptoms
and radiographic changes attributable to the underlying CF. It
can be difficult to exclude other causes given the frequent pres-
ence of other organisms such as P. aeruginosa and Staphylococ-

cus aureus, Which are associated with similar clinical disease.
Although there is overlap, the findings on HRCT scans associ-
ated with nodular bronchiectatic disease may be distinguishable
from background findings of CF (29, 92, 109, 110) (see online
supplement).

Treatment. Although the majority of patients with CF from
whom NTM are recovered will likely not meet microbiologic
criteria for disease at the time of an initial positive culture, close
surveillance of these patients is warranted. There have been
numerous reports of clinical deterioration and death temporally
associated with persistent recovery of these organisms, particu-
larly heavy growth of M. abscessus from lower respiratory speci-
mens (111-120). Itisimportant that nonmycobacterial pathogens
be maximally treated before initiating specific antimycobacterial
treatment, given the overlapping spectrum of antimycobacterial
drugs for common CF pathogens, to facilitate assessment of the
clinical response to antimycobacterial treatment. Assessment of
the effect of NTM treatment on clinical parameters like FEV,
may be further confounded by the possible immunomodulatory
effect of the macrolides in CF (121). A potential consequence of
the broad adoption of the low-dose and long-term azithromycin
therapy in patients with CF is the evolution of macrolide-resistant
NTM. A careful evaluation for possible pulmonary NTM infec-
tion, including multiple sputum cultures for NTM, should pre-
cede any initiation of macrolide monotherapy, and cultures for
NTM should be obtained periodically thereafter. Obtaining an
HRCT scan of the chest and serial measures of lung function,
weight, and other clinical measures before initiating specific anti-
mycobacterial treatment may be helpful in the subsequent as-
sessment of treatment response. Erratic absorption of oral drugs
in patients with CF with pancreatic insufficiency and possible
drug—drug interactions may affect the levels of these drugs in
respiratory secretions (122).

Surgical management of NTM disease in the setting of CF
may be associated with an increased risk of mortality. Surgical
resection, lobectomy or pneumonectomy, should be reserved for
those who have an FEV, greater than 30% predicted and have
severe, symptomatic, localized disease that fails to respond to
aggressive medical therapy (123-125). A recent study of NTM
recovered from patients with CF pre- and post-transplantation
found a strong correlation between presence of NTM pretrans-
plant and recovery post-transplant. However, NTM disease
post-transplant was relatively uncommon, and mortality in pa-
tients with NTM disease post-transplant was not different from
those without NTM disease (105). Poor control of the mycobac-
terial infection with medical management and, particularly, isola-
tion of M. abscessus pretransplant may be risk factors for devel-
opment of post-transplant NTM disease (105, 126, 127). If the
disease is manageable with medical therapy pretransplant, the
risk and impact of NTM recovery post-transplant may be less
of a concern (105, 116, 128-130).

Recommendations:

1. Adult and adolescent patients with CF should have peri-
odic, at least yearly, screening cultures for NTM. During
periods of clinical decline while unresponsive to treatment
for non—-NTM pathogens, all patients with CF, including
children, should be evaluated for NTM (A, II).

2. Patients being considered for macrolide monotherapy as
immunotherapy for CF should have sputum cultured for
NTM before starting therapy and periodically thereafter,
and those with repeated isolation of NTM should not re-
ceive macrolide monotherapy (C, 111).

3. The diagnostic criteria and treatment regimens for NTM
pulmonary infection in patients with CF are the same as for
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patients without CF, although they may be more dif“cult
to apply because of underlying disease and concomitant
infections (C, Il1).

Hypersensitivity-like Disease

An NTM pulmonary disease syndrome with a presentation simi-
lar to hypersensitivity lung disease has recently been recognized.
This syndrome has previously been termed <hot tub lung.Z Al-
though debated, there appear to be components of both lung
in"ammation and infection leading to unique features that differ
distinctly from other NTM lung diseases (131...138). Itis unclear
as to whether the MAC antigens are solely responsible for host
response or whether there are other hot-tub cofactors (organic
or inorganic) or host predispositions that may be contributing
to the disease process. In this discussion, the term <hot tubzZ
refers to any indoor, chronically undrained spa, usually including
an aeration system. Although described primarily with standing-
water sources, this syndrome has been reported in at least one
case associated with a household shower (137). Because of the
potential for acquiring this disorder from multiple sources, it
will be referred to generally as hypersensitivity-like disease.

Epidemiology.MAC exposure associated with hot-tub lung
represents a commonly recognized form of hypersensitivity-like
NTM pulmonary disease. NTM other than MAC also have the
potential to result in hypersensitivity-like lung disease associated
with hot tubs. MAC, like other mycobacterial organisms, has a
predisposition for growth in indoor hot tubs (139...141). Myco-
bacteria are relatively resistant to disinfectants and may be able
to grow in a wide range of temperatures (especially high temper-
atures). In addition, mycobacteria are also quite resistant to
agents used for disinfection, including quaternary ammonium
compounds, phenolics, iodophors, and glutaraldehyde. Disinfec-
tion of swimming pools, therapy pools, and spas or hot tubs with
chlorine would be expected to kill nonmycobacterial "ora and
therefore could permit the growth of mycobacteria in the absence
of competitors for nutrients. Also contributing to the increased
NTM growth is a lack of adherence to the manufacturerss recom-
mended speci“cations regarding cleaning and maintenance. Pa-
tients often enter the hot tub before bathing, adding contamina-
tion. Interestingly, patients will often spend additional time in
the hot tub once respiratory symptoms begin, desiring additional
therapeutic relief, only to result in a more intense pulmonary
response.

A syndrome similar to hypersensitivity-like pneumonitis asso-
ciated with NTM may also be associated with occupational expo-
sures to metalworking "uids (142, 143). Mycobacteria grow in
the organic compounds in these Avids, including the paraf‘ns,
pine oils, and polycyclic aromatic hydrocarbons (144). Mycobact-
eria are also resistant to the heavy metals in metalworking "uids
(145). Exposure to these aerosols leads to hypersensitivity-like
pneumonitis similar to that seen with hot-tub exposure but asso-
ciated almost exclusively withM. immunogenum, a rapidly grow-
ing mycobacterium (142, 143). Despite disinfection with multiple
agents, M. immunogenum has been recovered from metal-
working "uid and is associated with recurrence of hypersensitivity-
like pneumonitis (142, 146...148). This observation suggests that
M. immunogenum is resistant to most of the biocides used for
routine disinfection of the metalworking "uids. Notably, however,
M. immunogenum has not been recovered from the lungs of af-
fected workers. It is not clearly established that M. immunogenum
is the causative agent for hypersensitivity-like disease in this
setting or that this syndrome is identical to hypersensitivity-like
disease associated with hot tubs.

Diagnosis. The distinctive MAC hypersensitivity-like lung
presentation has been compared with other groups of MAC-
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associated pulmonary disease. Patients are usually younger than
individuals with MAC- or other NTM-associated pulmonary dis-
ease (131). Symptom onset is subacute. Dyspnea, cough, and
fever are the most common symptoms. Occasionally, hypoxemic
respiratory failure requires hospitalization or intensive care unit
admission. Patients are usually nonsmokers, similar to patients
with other forms of hypersensitivity pneumonitis. Although still
unreported, chronic forms of NTM hypersensitivity-like lung
disease may be possible.

Microbiologic data are critical for the diagnosis of MAC
hypersensitivity-like lung disease, but not in isolation nor without
clinical, radiographic, or pathologic “ndings consistent with MAC
hypersensitivity-like disease. Cultures when obtained from spu-
tum, bronchial wash, bronchoalveolar lavage, tissue biopsy, and
hot-tub water demonstrate MAC isolates. Identical matching of
these MAC isolates from hot-tub water and cultures from patient
specimens have been demonstrated when analyzed by PFGE
of genomic DNA or multilocus enzyme electrophoresis. The
histopathology is that of nonnecrotizing granulomas although
necrotizing granulomas, organizing pneumonia, or interstitial
pneumonia may also be described in some patients (149). The
distribution of these discrete granulomas is generally centrilobu-
lar and bronchiocentric, differentiating MAC hypersensitivity-
like lung from sarcoidosis or other hypersensitivity pneumonitis.
The histopathology alone is not suf“ciently distinctive to allow
the diagnosis of hypersensitivity-like disease without visualiza-
tion of the organism or culture of a nontuberculous mycobacte-
rium. Even if nonspeci“c, identifying characteristic histopathol-
ogy on biopsy may be suf‘cient to raise suspicion for diagnosis.

Chest radiographs and chest CT scans are abnormal in all
cases §eeonline supplement). Findings include diffuse in“Itrates
with prominent nodularity throughout all lung “elds. In addition,
ground glass opacities are often present on HRCT chest scans
as well as a mosaic pattern. Pulmonary function testing demon-
strates mixed abnormalities. Blood tests are not suf‘ciently spe-
ci“c to be of diagnostic value.

Establishing a diagnosis of MAC hypersensitivity-like disease
is quite similar to establishing a diagnosis of other NTM pulmonary
disease. Key elements to a diagnosis are a compatible clinical
history (including a hot-tub exposure), microbiology, radiographic
studies, and histopathology, when available. Even without pathol-
ogy, a diagnosis of MAC-associated hypersensitivity-like lung dis-
ease can be established by the following: subacute onset of respi-
ratory symptoms; hot-tub exposure; characteristic radiographic
“ndings; and MAC isolates in sputum, bronchoalveolar lavage,
tissue, and hot-tub water.

Treatment.The treatment of MAC hypersensitivity-like disease
speaks to the controversy of whether this is an in"ammatory pro-
cess, infectious process, or a combination of in"ammation and
infection. There are no substantive data on which to base speci‘c
treatment recommendations; therefore, recommendations are
based on expert opinion. In addition to the requirement of remov-
ing the patient from the inciting exposure of the MAC antigen
source (contaminated hot tub), the use of antimycobacterial ther-
apy, corticosteroids, or a combination of both or neither is debated.
Corticosteroids may hasten recovery and improve gas exchange.
In contrast to other forms of MAC pulmonary disease, antimyco-
bacterial therapy may be effectively given for a shorter period of
time (i.e., 3 to 6 mo), provided that symptoms resolve, sputum
clears, and chest radiographs improve. Not all MAC hypersensitiv-
ity-like disease needs treatment with antimycobacterial therapy.
Prognosis can generally expected to be good, even without antimy-
cobacterial therapy (448).

For prevention of hypersensitivity-like disease, following
manufacturerse recommendations of regular maintenance proce-
dures for hot tubs is recommended. Bathing before hot-tub use
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is also universally recommended. For those patients with docu-
mented MAC hypersensitivity-like disease, avoidance of MAC
antigen is believed to be paramount. Although the use of cortico-
steroids and antimicrobials remains controversial, there is expert
consensus that patients should completely avoid reexposure to
indoor hot tubs. At a minimum, an indoor hot tub in a patientes
home should be placed outdoors. Some experts advocate com-
plete removal of the hot tub from the patientes premises.
Similarly, for metal grinders, avoidance of mycobacterial
(M. immunogenum) antigen is the basis of therapy. Corticosteroid
administration may also be associated with clinical improvement.
M. immunogenum is resistantin vitro to all but a few antimicrobial
agents and the role of antibiotic therapy is not established.

Context:

1. Currently, there are no known methods for eliminating
NTM from a standing indoor water source or industrial
metalworking "uids.

2. The optimal therapy for hypersensitivity-like pneumonitis...
related MAC and hypersensitivity pneumonitis...related
M. immunogenum lung disease is unknown.

Recommendations

1. For indoor pools and hot tubs, manufacturers universally
recommend following regular maintenance procedures
(including draining and thorough cleaning of the tub and
“Itering system) and bathing before hot-tub use (C, III).

2. For any patient with documented hypersensitivity pneu-
monitis (hot-tub lung)...related disease, complete avoid-
ance of mycobacterial antigen is paramount. For hot-tub
lung, avoidance of MAC antigen, including avoidance of
indoor hot-tub use, and for metal grinders, avoidance of
M. immunogenum antigen, including avoidance of metal-
working "uid, is recommended (A, II).

3. Patients with severe disease or respiratory failure should
receive prednisone at 1 to 2 mg/kg/day tapered over 4 to
8 weeks (C, IlI).

4. For immunocompromised patients, patients with persistent
disease after removal from MAC antigen exposure (with
or without corticosteroids), or patients with bronchiectasis,
begin antimicrobial drugs with activity against MAC as rec-
ommended elsewhere in this document, with consideration
given to shorter (3...6 mo) duration of therapy (C, IlI).

Transplant Recipients

Infection with NTM has occurred with varying frequency in
hematopoetic stem cell transplant recipients; however, a recent
series suggests that the rate may be increasing. In a series of 571
patients, approximately 3% had NTM infection with pulmonary
infection as the most common site (150). Pulmonary infection
with NTM is uncommon in transplant recipients of solid organs
other than lung. Among lung transplant recipients, NTM may
be more common than M. tuberculosis as a cause of pulmonary
infection. The organisms that are most likely encountered are
MAC and M. kansasii (151...153). Pulmonary infection tends
to occur late in the post-transplantation course and has been
frequently associated with preexistent chronic rejection (130).

Disseminated Disease

Epidemiology.Disseminated disease due to NTM is among the
most common and severe infections in persons with advanced
HIV infection. Although a number of different species of NTM
have been reported, the overwhelming majority ( 90%) of
these infections are caused by MAC, with more than 90% of
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these infections due toM. avium (20, 154...159). Although MAC
and M. kansasii isolates are reported most frequently from the
southeastern United States, disseminated NTM occur with similar
rates in all geographic regions and in all HIV risk groups, likely
re”ecting the degree of vulnerability to NTM infection in this
population (22, 159). The mechanism of acquisition of the organism
in persons with HIV is not known, although it is assumed to be
through ingestion of the organism from an environmental source.
Patients who have colonization of their respiratory and gastrointes-
tinal tracts are at higher risk of developing disseminated disease
(102). Of the infections caused by other organismsM. kansasii has
been reported most frequently; however, other NTM, including
M. scrofulaceum M. gordonae, M. haemophilum, M. genavense
M. celatum, M. conspicuum, M. xenopi, M. fortuitum , M. marinum,
M. malmoense and M. simiae, have also been described as a cause
of pulmonary or disseminated NTM disease in AIDS (20, 160...169).

Disseminated disease due to NTM in persons with HIV infec-
tions occurs only in patients who are severely immunocomprom-
ised, as evidenced by very low CD4 T-cell counts (20, 154...
157). Natural history studies of persons with AIDS in the pre...
antiretroviral therapy era, showed that almost 40% of patients
with less than 10 CD4 T cells/ | developed disseminated NTM
within 1 year (156). In series of patients with con“rmed dissemin-
ated NTM, the average CD4 T-cell count at presentation has
usually been less than 25 cells/I (156, 157). All persons with
less than 50 CD4 T cells/ | are at risk of disseminated NTM,
with the risk increasing with progressively lower numbers of
cells. Disseminated disease due to MAC has also been shown
to be polyclonal in some patients (170). It is currently unknown
why some NTM pathogens rarely cause disseminated disease in
this setting. For instance, M. abscessuscauses lung disease in
similar clinical settings to MAC, but is not associated with dis-
seminated infection in patients with AIDS. Similarly, M. intracel-
lulare is responsible for most MAC lung disease in the United
States, butM. avium is responsible for most disseminated MAC
in patients with AIDS.

Disseminated NTM disease is very rare with any form of
immunosuppression other than advanced HIV disease. How-
ever, dissemination of NTM in adult patients without AIDS
has been reported in immunosuppressed patients with renal or
cardiac transplantation, chronic corticosteroid use, and leuke-
mia. The RGM species M. chelonaeand M. abscessusre most
commonly involved, but other species, including MAC, M. kan-
sasii and M. haemophilum, have been reported to cause disease
in this setting (87, 160, 171...178). As noted iRathogenesis,
rare genetic disorders may also be associated with disseminated
NTM infection.

Clinical presentation. In patients with advanced HIV infec-
tion, the clinical manifestations of disseminated NTM are
protean, and may be confused with a number of other infections.
Classic complaints in persons with disseminated MAC are fever
( 80%), night sweats ( 35%), and weight loss (  25%) (156).
In addition, many patients with MAC develop abdominal pain
or diarrhea. Physical “ndings in patients with MAC are nonspe-
ci“c, and may include abdominal tenderness or hepatosplenomeg-
aly, although palpable lymphadenopathy is not common. Labora-
tory abnormalities may include severe anemia, with a hematocrit of
less than 25%, an elevated alkaline phosphatase, and an eleveated
lactate dehydrogenase (20, 157, 179). The physical and laboratory
abnormalities associated with MAC tend to occur within 1 to 2
months before the onset of bacteremia with the organism (180).

For patients without AIDS and disseminated NTM infection,
the disease caused by MAC usually presents as a fever of un-
known origin, whereas disease caused by. kansasii, M. chelo-
nae M. abscessusand M. haemophilum generally presents as
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multiple subcutaneous nodules or abscesses that may spontane-
ously drain (88, 160, 171, 174-177).

Autopsy studies have demonstrated that patients with AIDS
and disseminated MAC have involvement of most internal or-
gans, even if localizing signs and symptoms are not apparent
(171). Clinical involvement of the lungs is not common in patients
with AIDS. In one series of 200 patients with documented dis-
seminated MAC, only 5 patients (2.5%) were found to have
concomitant pulmonary disease due to MAC (181). MAC has
occasionally been reported as a cause of pulmonary infection in
HIV-infected patients without evidence of dissemination (182).
Although MAC is not a frequent cause of pulmonary parenchy-
mal disease, it is commonly isolated from the respiratory tract
in HIV-infected patients. In a natural history study of patients
with fewer than 50 CD4* T cells/pl, approximately 10% had
MAC isolated from a respiratory sample at some time during
follow-up (102). In this study, of those with MAC in the sputum,
none had active pulmonary disease, although a high percentage
of these persons eventually developed disseminated infection
with MAC. Therefore, the finding of MAC in a respiratory
sample should alert the clinician to investigate for disseminated
disease and to consider preventive therapy. Prospective screen-
ing of respiratory samples is, however, not recommended.

In addition to the natural clinical presentation of MAC in
persons with AIDS, as described above, persons who have initi-
ated antiretroviral therapy may develop an “immune reconstitu-
tion syndrome” or “paradoxical reaction” due to MAC (183-
186). These labels describe the reaction of patients who have
recently started highly active therapy for HIV infection and then
develop local inflammatory symptoms related to their underlying
MAC infection. Suppurative lymphadenopathy, with swollen
and painful cervical, axillary, or inguinal nodes, is the most
common manifestation of this syndrome. Other manifestations
may include pulmonary infiltrates, soft tissue abscesses, or skin
lesions. Patients frequently have fever but do not have the
other components of the syndrome seen in patients with MAC
bacteremia.

The method of diagnosis of disseminated MAC is usually
noninvasive, with over 90% of persons diagnosed with dissemin-
ated MAC having positive blood cultures. For asymptomatic
persons with low CD4* T-cell counts, routine cultures are not
recommended. For symptomatic patients with two negative
blood cultures, biopsy and culture of bone marrow or liver are
sometimes indicated. For persons with lymphadenopathy, exci-
sion of a readily accessible node for histopathology and culture
is frequently indicated, because most of these persons do not
have bacteremia. Patients with intrathoracic, intraabdominal, or
retroperitoneal adenopathy may require fine needle aspiration
of the involved lymph nodes for diagnosis.

Lymphatic Disease

Epidemiology. The most common form of NTM disease in chil-
dren is cervical adenitis (187). Infection of the submandibular,
submaxillary, cervical, or preauricular lymph nodes in children
between 1 and 5 years old is the most common presentation of
NTM lymphadenitis (187-191). In the absence of HIV infection,
NTM lymphadenitis rarely affects adults. Cases of cervical adeni-
tis are most common at the same time that antibody to LAM
is increasing rapidly in the population. These findings may reflect
that children at this age are likely to have frequent contact with
NTM sources such as soil and water. Adults with positive skin
tests to NTM antigens have probably acquired asymptomatic
infection during these childhood years. Rates of MAC cervical
adenitis began to increase sharply in the United States in the
late 1970s (189). No risk factors predisposing to cervical lymph-
adenitis in children have been identified, but children with bacille

383

Calmette-Guérin immunization have a reduced risk of MAC
cervical adenitis (192, 193).

Currently, approximately 80% of culture-proven cases of
NTM lymphadenitis are due to MAC (189). In the United
States and Awustralia, the remaining cases are caused by
M. scrofulaceum, whereas in Scandinavia, the United Kingdom,
and other areas of northern Europe, M. malmoense and
M. haemophilum have emerged as major pathogens after MAC
(194-197). The predominance of MAC is a change from 30 years
ago, when most geographic areas reported M. scrofulaceum as
the most common etiologic agent (187, 189). It has been specu-
lated that tap water was the source of M. scrofulaceum, and the
widespread use of chlorination resulted in disappearance of this
species that is relatively chlorine sensitive, compared with other
NTM species.

Clinical presentation. The disease occurs insidiously, and is
rarely associated with systemic symptoms. The involved lymph
nodes are generally unilateral (95%) and not tender. The nodes
may enlarge rapidly, and even rupture, with formation of sinus
tracts that result in prolonged local drainage. Other nodal groups
outside of the head and neck may be involved occasionally,
including mediastinal nodes (189). Contrast-enhanced axial CT
of NTM lymphadenitis typically shows asymmetric adenopathy
with ring-enhancing masses that may involve the fat and skin
but with minimal inflammatory stranding of the subcutaneous
fat (191).

The most important alternative diagnosis is tuberculous
lymphadenitis. In the United States, only about 10% of the
culture-proven mycobacterial cervical lymphadenitis in children
has been reported to be due to M. tuberculosis (189). In contrast,
in adults, more than 90% of the culture-proven mycobacterial
lymphadenitis is due to M. tuberculosis (2). Distinguishing tuber-
culous from NTM lymphadenitis is critical, because the former
not only requires drug therapy but public health tracking as
well. With NTM lymphadenitis, there is typically no history of
exposure to TB, screening tuberculin PPD skin tests of family
members are usually negative, and the chest radiograph is nor-
mal. Although the results are not diagnostic, all patients, children
and adults, with suspected mycobacterial lymphadenitis should
have a tuberculin skin test. Children with NTM lymphadenitis
tested with intermediate strength (5 tuberculin unit) PPD tuber-
culin have a range of reactions from negative to positive; up to
one-third in one series showed reactions of 10 mm or more
of induration (198). No commercial NTM skin test material is
currently available for clinical use in the United States.

Diagnosis. The utility of fine needle aspiration for obtaining
diagnostic material is variable (199-201). However, granulomata or
other compatible cytopathology, such as a mixture of degenerating
granulocytes, lymphocytes, and epithelioid histiocytes, is seen in
most cases.

The presumptive diagnosis of NTM lymphadenitis is based
on the histopathologic appearance of the lymph node showing
caseating granulomata with or without AFB and, in the majority
of cases, a negative tuberculin skin test. Failure of the lymph
node culture to yield M. tuberculosis provides stronger presump-
tive evidence for the diagnosis of NTM lymphadenitis.

A definite diagnosis of NTM lymphadenitis is made by recov-
ery of the causative organism from lymph node cultures. Fine
needle aspiration biopsy or incision and drainage of the involved
lymph nodes, without complete surgical excision of the involved
nodes, may be followed by formation of fistulae with chronic
drainage (188). Excisional biopsy is also sometimes used. One
cautionary note must be stressed: excisional biopsy of preauricu-
lar lymph nodes entails a significant risk of injury to the facial
nerve. Even with excised nodes showing compatible histopathol-
ogy, only 50 to 82% will yield positive cultures (188, 189). Some
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of these cases with smear-positive, culture-negative results
may be due to fastidious species such as M. haemophilum or
M. genavense (162, 202). Therefore, culture of suspected NTM
lymphadenitis should include procedures to isolate these fastidi-
ous species (see LABORATORY PROCEDURES).

Treatment. Treatment recommendations for NTM lymphade-
nitis are outlined in discussions of individual NTM species. The
guiding principle for most localized NTM lymphadenitis that
occurs in immunocompetent patients, due to any NTM species,
is complete surgical excision of the involved lymph nodes.

Skin, Soft Tissue, and Bone Disease

Epidemiology. The NTM species that most commonly cause local-
ized infections of the skin and subcutaneous tissue are M. fortu-
itum, M. abscessus, M. chelonae, M. marinum, and M. ulcerans
(88, 173, 203). However, virtually all species of NTM have been
described as a cause of cutaneous disease (87, 88, 203).

Clinical presentation. Examples of NTM skin lesions can be
viewed in the online supplement. Localized drainage or abscess
formation at the site of puncture wounds (such as occurs after
stepping on a nail) or open traumatic injuries or fractures are
most often due to the RGM species M. fortuitum, M. abscessus,
or M. chelonae (173). Nosocomial skin and soft tissue infections
caused by these three species are also seen (83, 173, 204-213).
These include infections of long-term intravenous or peritoneal
catheters, postinjection abscesses, infections after liposuction,
or surgical wound infections of the skin after augmentation mam-
maplasty, infections after cardiac bypass surgery or corneal infec-
tions after laser in situ keratomileusis (LASIK) (173, 204, 209,
211,214-217). Diagnosis is made by culture of the specific patho-
gen from drainage material or tissue biopsy. Tissue biopsy is the
most sensitive means of obtaining a specimen for culture.

Chronic granulomatous infection caused by NTM may de-
velop in tendon sheaths, bursae, joints, and bones after direct
inoculation of the organisms through accidental traumas, surgical
incisions, puncture wounds, or injections including intraarticular
or bursal steroids. M. marinum and MAC are particularly prone
to causing tenosynovitis of the hand, although M. fortuitum,
M. abscessus, M. chelonae, and M. kansasii have also been
implicated (87, 203, 218, 219). M. terrae complex (especially
M. nonchromogenicum) has also been isolated from synovial
tissue of the hand or wrist, and it tends to be associated with
an indolent, chronic type of disease. NTM osteomyelitis after
blunt trauma has been noted in one series of patients (220).
Occasionally, axial bones and extremities have been infected
without apparent trauma, presumably due to hematogenous in-
fection. After open heart surgery, osteomyelitis of the sternum
caused by M. abscessus or M. fortuitum has been described, with
both epidemic and sporadic disease (204, 205, 209, 216).

Health Care— and Hygiene-associated Disease and
Disease Prevention

Previous NTM statements did not specifically address NTM dis-
ease prevention. Because NTM are ubiquitous in the environ-
ment and many questions about NTM disease acquisition and
pathophysiology remain unanswered, it has been difficult to devise
practical and effective strategies for avoidance of disease caused
by NTM. Knowledge in these areas is gradually emerging, however,
and enough has been learned to begin a realistic discussion of NTM
disease prevention. An expansive or all-encompassing discussion of
disease prevention still awaits better understanding and identifi-
cation of the reservoir(s) responsible for most NTM diseases
(especially lung disease), factors associated with disease trans-
mission, and host susceptibility risks. The two major areas where
NTM disease prevention is currently most relevant are, not coin-
cidentally, two areas in which the source of the organism is

clear: health care-associated transmission of skin and soft tissue
disease and hypersensitivity lung disease from indoor standing-
water sources.

In the past two decades, multiple single cases of NTM disease
as well as health care-associated outbreaks (multiple or recur-
rent NTM infections associated with a single facility or proce-
dure) and pseudo-outbreaks (presumed outbreaks due to false-
positive NTM cultures) have been described. Investigations of
health care-associated outbreaks or pseudo-outbreaks caused
by NTM, including the use of chromosomal DNA fingerprinting
with PFGE, have demonstrated that tap water, ice prepared
from tap water, processed tap water used for dialysis, and dis-
tilled water used for preparing solutions such as gentian violet
are the usual sources of the organisms involved (83, 209-211,
213, 206, 212, 221, 222). NTM have been found in municipal
water supplies or treated water supplies from 95 of 115 (83%)
dialysis centers throughout the United States (223). In a study of
potable water supplies in Los Angeles, California, MAC isolates
were recovered from 42 of 108 (32%) tested locations, which
included homes, hospitals, commercial buildings, and reservoirs
(224). M. kansasii, M. xenopi, and M. simiae are recovered almost
exclusively from municipal water sources and rarely, if ever,
from other environmental sources (225). Several mycobacterial
species, including M. xenopi, M. smegmatis, M. simiae, and MAC,
are thermophilic and survive and grow well at 45°C. These spe-
cies are capable of growing in hospital water kept at tempera-
tures as high as 55°C. Other NTM species, including M. kansasii,
M. gordonae, M. fortuitum, M. chelonae, M. abscessus, and M.
mucogenicum, do not tolerate temperatures of 45°C or above
and are generally found only in cold-water systems.

Biofilms, which are the filmy layer at the solid (pipe) and
liquid (water) interface, are recognized as a frequent site for
mycobacterial growth (226). The mycobacterial fatty acid- and
wax-rich impermeable cell wall results in a hydrophobic cell
surface that permits adherence to solid substrates (e.g., pipes
and leaves) in aquatic environments, which results in the persis-
tence of the mycobacteria and their resistance to being washed
away in high flow rates. In one study of 50 biofilm samples within
a variety of piped water systems from Germany, 90% of the
sampled biofilms contained mycobacteria (226). This film ap-
pears to be present in almost all collection and piping systems
and likely provides the nutritional support for the organisms.

Most of the health care—associated mycobacterial outbreaks and
pseudo-outbreaks have involved RGM, especially M. fortuitum
and M. abscessus. These mycobacterial species as well as others
are incredibly hardy, and resist the activity of organomercurials,
chlorine, 2% concentrations of formaldehyde and alkaline glutaral-
dehyde, and other commonly used disinfectants (225).

Health care-associated NTM outbreaks include those as-
sociated with cardiac surgery (primarily median sternotomy
wounds), injections, especially with alternative care medicine
(due to contaminated biologicals or multidose vials), plastic sur-
gery, liposuction, LASIK, dialysis-related outbreaks, long-term
central intravenous catheters, middle ear typanostomy tube re-
placement, and a variety of miscellaneous surgical procedures
(83, 206, 213, 215-217, 222, 227-239). The common factor in
health care-associated outbreaks is presumed to be exposure
of a susceptible individual to NTM-infected liquid, usually tap
water.

Recently, mycobacterial outbreaks of M. fortuitum and M.
mageritense (the latter a newly described RGM) furunculosis
associated with footbaths at nail salons have been reported in
California and Georgia (240-243). In all of the cases, NTM were
cultured from the patients and from the inlet suction screens of
the whirlpool footbaths (foot spas) that contained hair and other
debris. The whirlpool isolates were subsequently molecularly
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identified as the same strains as those recovered from patients.
In addition, for each patient, prior shaving of the legs was a
major risk factor.

Sporadic infections in the health care setting have been de-
scribed in the same setting as mycobacterial outbreaks, and
pseudo-outbreaks. The most common health care-associated
sporadic infection is catheter sepsis involving long-term central
venous catheters. Surgical wound infections are most commonly
seen after breast surgery (augmentation or reduction but rarely
for mastectomy for breast cancer). However, they have also been
reported after insertions of prosthetic devices such as (but not
limited to) prosthetic heart valves, artificial knees and hips, lens
implants, and metal rods inserted into the vertebrae or long
bones to stabilize fractures (244, 245).

Health care—associated pseudo-outbreaks have most com-
monly been associated with bronchoscopy including the use of
contaminated topical anesthesia, contaminated and/or mal-
functioning individual bronchoscopes, contaminated terminal
rinse water (tap water), and contaminated automated endoscope
washers that used a terminal tap water rinse cycle (246-249).
Bronchoscopy is considered a nonsterile procedure, but, from
the perspective of health care-associated NTM infections, tap
water is not acceptable, especially for a terminal rinse. The
bronchoscope-related pseudo-outbreaks have most commonly
involved RGM (especially M. abscessus and M. immunogenum)
but have involved slow-growing NTM species as well (143).

Multiple nonbronchoscopic pseudo-outbreaks have also been
reported and generally involve RGM and contaminated tap wa-
ter solutions (liquid or ice). Sixty-five M. simiae isolates from
62 patients at a community teaching hospital in Houston, Texas,
were recently described (250). The organism was grown in vari-
ous water samples obtained in the hospital and a professional
building. None of the patients from whom M. simiae was recov-
ered were believed to have clinical disease and none received
antimicrobial therapy. Thirty-one environmental and human
outbreak-related M. simiae isolates had indistinguishable or
closely related patterns on PFGE and were considered clonal.
The reservoir for this pseudo-outbreak was identified as a con-
taminated hospital water supply. A similar outbreak has been
described in San Antonio, Texas (108). Again, tap water was
established as the organism source.

Health care-associated mycobacterial pseudo-outbreaks are
problematic for a number of reasons. These include inappropri-
ate therapy for suspected TB, the risks of drug-related adverse
events, unnecessary expense incurred by the hospital and pa-
tients, the psychological stress for patients of being told they
have a serious disease when in fact they do not, and the potential
for medical legal complications. False-positive cultures also delay
the ordering of tests to identify an alternative diagnosis.

Recommendations:

1. Prevention of health care-associated NTM outbreaks and
pseudo-outbreaks:

a. Intravenous catheters: Patients with indwelling central
catheters, especially bone marrow transplant recipients,
should avoid contact or contamination of their catheter
with tap water (B, I1).

b. Fiberoptic endoscopes: The use of tap water should be
avoided in automated endoscopic washing machines as
well as in manual cleaning. The instruments should
have a terminal alcohol rinse. The reader should consult
the “Association for Professionals in Infection Control
(APIC) Guidelines for Infection Prevention and Con-
trol in Flexible Endoscopy” at www.apic.org for a de-
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tailed discussion of cleaning and disinfection of endo-
scopic equipment (A, I1).

c. Local injections: Avoid benzalkonium chloride (e.g.,
Zephiran) as a skin disinfectant as it allows growth
of mycobacteria such as M. abscessus. Avoid use of
multidose vials (A, I1).

d. Recognize and avoid the risk of alternative medicine
practices that provide injections of unknown or unap-
proved substances (C, I11).

e. Surgery: (1) Do not use tap water and/or ice prepared
from tap water in the operating room, especially during
cardiac surgery or augmentation mammoplasty (A, I1).
(2) Do not wash or contaminate open wounds with
tap water (A, 11). (3) Outpatient facilities performing
plastic surgery procedures such as liposuction or aug-
mentation mammoplasty must carefully follow recom-
mended sterilization guidelines (C, 111).

f. Sputum collection: Do not allow a patient to drink or
rinse the mouth with tap water before collecting an
expectorated specimen (C, II).

2. Recognition of outbreaks: Be familiar with the settings
for health care-associated outbreaks and pseudo-out-
breaks and the organisms (usually RGM) most fre-
quently involved, and intervene as soon as possible to
interrupt this transmission (C, I11).

Recommendations for preventing NTM lung disease remain elu-
sive. Identifying the environmental sources responsible for the
acquisition of many NTM is very difficult. For instance, genomic
typing of clinical MAC isolates reveals great heterogeneity in
recovered MAC strains, perhaps due to prolonged and wide-
spread environmental habitation by these organisms. There ap-
pear to be almost as many MAC strains as MAC isolates. This
strain diversity will make identification of specific sources of
MAC infection difficult. However, the fact that populations
susceptible to NTM infection, such as patients with CF and
postmenopausal female patients who are reinfected by NTM,
raises the question, Can environmental shielding protect patients
against NTM lung infection? For instance, indoor showerheads
are a known source of NTM, especially MAC (137). Should
patients with known or previous mycobacterial lung disease or
known bronchiectasis avoid showers (or other sources of aerosol-
ized water)? A consensus among experts has not been reached
on these important questions.

Also problematic are public or hospital water systems known
to be contaminated with mycobacterial species such as M. xenopi,
M. avium, M. kansasii, and M. simiae. Although known for
association with pseudo-outbreaks, in a susceptible host (e.g., a
patient with bronchiectasis) these species can cause human dis-
ease (108). This issue is yet to be assessed or addressed by public
health personnel.

NTM SPECIES: CLINICAL ASPECTS AND
TREATMENT GUIDELINES

NTM species that are encountered clinically are discussed below.
Because MAC and M. kansasii are the most frequently encoun-
tered clinically significant NTM (in the United States), they are
discussed first. The remaining NTM are listed in alphabetical
order by species name.

The first clue to the identity of a nontuberculous mycobacte-
rium, after a negative result for M. tuberculosis from a nucleic
acid amplification test, is frequently the rate of growth of the
NTM isolate, especially if there is rapid growth. Because the
RGM are frequently isolated under similar clinical circumstances,
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members of this group of organisms are noted with the abbreviation
RGM.

There are some important considerations for reviewing the
following information.

Context and General Recommendations:

1. NTM are uncommonly encountered clinical pathogens;
some species, in fact, are much more likely to be isolated
as a result of specimen contamination than as a result of
disease. However, even these species can, under some
circumstances, cause clinical disease. The clinician, there-
fore, must always know the context in which an NTM
isolate was obtained to assess accurately the clinical sig-
nificance of that isolate. When questions about the clinical
significance of an NTM isolate arise, expert consultation
is strongly encouraged (C, III).

2. Treatment recommendations for infrequently encountered
NTM are made on the basis of only a few reported cases.
With that limitation in mind, unless otherwise stated, the
duration of therapy for most pulmonary NTM pathogens is
based on treatment recommendations for more frequently
encountered species such as MAC and M. kansasii (e.g.,
12 mo of negative sputum cultures while on therapy). For
disseminated disease, treatment duration for most NTM
pathogens is the same as for disseminated MAC infection
(C, ).

3. The treatment of NTM disease is generally not directly
analogous to the treatment of TB. In vitro susceptibilities
for many NTM do not correlate well with clinical response
to antimycobacterial drugs. Recommendations for routine
in vitro susceptibility testing of NTM isolates are limited
(see LaBoraTORY PROCEDURES). The clinician should use
in vitro susceptibility data with an appreciation for its
limitations. See an expanded discussion of in vitro suscepti-
bilities in LABorATORY PROCEDURES (B, I1).

4. Empiric therapy for suspected NTM lung disease is not
recommended (C, III).

5. There are no widely accepted criteria for choosing patients
with NTM lung disease for resectional surgery. In general,
the more difficult an NTM pathogen is to treat medically,
the more likely surgery should be considered from a risk/
benefit perspective. Expert consultation is strongly encour-
aged (C, I11).

Mycobacterium avium Complex (MAC)

The organism. M. avium complex or MAC (also referred to as
MAI) includes at least two mycobacterial species, M. avium and
M. intracellulare. These two species cannot be differentiated on
the basis of traditional physical and biochemical tests. There are
specific DNA probes for identification of and differentiation
between M. avium and M. intracelluare. M. avium is the more
important pathogen in disseminated disease, whereas M. intra-
cellulare is the more common respiratory pathogen. Currently,
there is no prognostic or treatment advantage for the routine sepa-
ration of MAC isolates into M. avium or M. intracellulare. However,
such a separation may be important for research purposes and may
have prognostic and therapeutic implications in the future.
Epidemiology. MAC organisms are common in many environ-
mental sites, including water and soil, and in animals (17, 88).
MAC has been found to colonize natural water sources, indoor
water systems, pools, and hot tubs (133, 139, 251-253). MAC
pulmonary disease appears to be more common in the southeast-
ern United States than in other regions of the country, but, as

noted previously, data are quite limited (22). It is generally
believed that environmental sources, especially natural waters,
are the reservoir for most human infections caused by MAC.
Aerosols of fresh- and saltwater may contain MAC, and these
have also been proposed as vehicles leading to transmission of
MAC respiratory disease (140, 252). Specific sites from which
patients acquire MAC are rarely identified, but exposure to
recirculating hot-water systems has been identified as one route
of acquisition of MAC in persons with AIDS (251, 253). Less
than 15% of cases, however, can be traced to this source, sug-
gesting that other environmental reservoirs are also important.
Persons infected with MAC do not appear to be a reservoir for
acquisition of the organisms by others nor is there evidence of
animal-to-human transmission.

MAC lung disease. CLINICAL PRESENTATIONS. The natural his-
tory of MAC lung disease depends on which of two types of
clinical disease are present. Chest radiographs and HRCT scans
showing typical abnormalities of the two forms of MAC lung
disease are provided in the online supplement. The traditionally
recognized presentation of MAC lung disease has been as apical
fibrocavitary lung disease, sometimes with large cavities, in males
in their late 40s and early 50s who have a history of cigarette
smoking and, frequently, excessive alcohol use (254, 255). If left un-
treated, this form of disease is generally progressive within a
relatively short time frame, 1 to 2 years, and can result in exten-
sive cavitary lung destruction and respiratory failure (254, 255).

MAC lung disease also presents with nodular and interstitial
nodular infiltrates frequently involving the right middle lobe or
lingula, predominantly in postmenopausal, nonsmoking, white
females (36, 37, 90, 91, 256). MAC lung disease in this population
is sometimes labeled the “Lady Windomere syndrome” (256).
This form of disease, termed “nodular bronchiectasis” or “nodu-
lar bronchiectatic disease,” tends to have a much slower progres-
sion than cavitary disease, such that long-term follow-up (months
to years) may be necessary to demonstrate clinical or radio-
graphic changes. Even with this more indolent form of disease,
however, death may be related to disease progression (36). This
form of MAC lung disease is radiographically characterized by
HRCT findings that include multiple, small peripheral pulmo-
nary nodules centered on the bronchovascular tree and cylindri-
cal bronchiectasis. The HRCT pattern of these predominantly
peripheral, small nodular densities has been termed “tree-in-
bud,” and reflects inflammatory changes including bronchiolitis.

In support for MAC as a pathogen in this setting, HIV-
seronegative patients with clusters of small nodules in the periph-
ery of the lung associated with ectatic changes of the draining
bronchi frequently have positive respiratory cultures for MAC
and granulomatous inflammation recovered by transbronchial
biopsy, suggesting tissue invasion by MAC rather than airway
colonization (109). In addition, culture-positive patients who
received therapy directed at MAC responded with sputum con-
version or radiographic improvement.

Patients with nodular/bronchiectatic MAC lung disease often
have additional microbiologic findings associated with bronchi-
ectasis, including respiratory cultures positive for P. aeruginosa
and occasionally for other NTM such as M. abscessus. Nonmyco-
bacterial exacerbations of the bronchiectasis often complicate
the assessment and management of the MAC disease, and strate-
gies aimed at bronchiectasis per se, such as airway clearance,
may improve patients’ symptoms.

It is unknown if bronchiectasis is the result of the mycobacte-
rial infection or due to some other process and a predisposition
for subsequent mycobacterial infection. The observations noted
above are compatible with mycobacterial infection and granulo-
matous inflammation as the process causing bronchiectasis in
some patients, but they do not provide proof (109). One recent
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study examined excised lung tissue from patients with cavitary
MAC lung disease, and also suggested that granulomatous in-
"ammation was the etiology for the bronchiectasis (257). In
some diseases such as CF or prior pulmonary TB, however, the
bronchiectasis clearly antedates the MAC disease. The routine
evaluation of underlying causes of bronchiectasis, such as CF
and AAT de‘“ciency, in patients with nodular/bronchiectatic
MAC disease is currently primarily a research tool, with the
exception of high-risk individuals. There is no consensus about
the routine use of tests for these conditions in all patients with
nodular bronchiectatic MAC.

Drug treatment of MAC (M. avium, M. intracellulare) lung
diseaseMedical treatment of MAC pulmonary disease in HIV-
negative patients with anti-TB medications has yielded inconsis-
tent results. The major limitations for effective therapy were the
absence of antimicrobial agents with low toxicity and good
in vivo activity against the organism. Most “rst-line anti-TB
drugs have 10 to 100 times less$n vitro activity against MAC
isolates than againstM. tuberculosis. In the few studies in which
initial sputum conversion rates were high ( 50%), long-term
follow-up to establish continued sputum conversion was usually
not documented (258...261). Two studies evaluating long-term
treatment response to anti-TB medications suggested an approx-
imately 50% long-term favorable response (258, 262). Relapses
after medical therapy with anti-TB treatment regimens were
common, and the best outcomes were frequently in those pa-
tients who underwent resectional surgery (263, 264).

The role of in vitro susceptibility testing, especially for anti-
TB drugs, has not been established. A recently published pro-
spective and comparative study evaluating anti-TB medications
for treatment of MAC lung disease was begun in the late 1980s
in Great Britain (255). Patients received rifampin and ethambu-
tol or rifampin, ethambutol, and isoniazid. There was no correla-
tion between treatment response andin vitro susceptibility of
the patientss MAC isolate to the anti-TB drugs. One study sug-
gested that initial response to therapy in patients with MAC
lung disease correlated with the number of drugs in the treatment
regimen to which MAC showed in vitro susceptibility (265). A
signi“cant correlation between treatment response and number
of drugs with in vitro susceptibility was not present, however,
in long-term follow-up of these patients. Two more recent studies
from Japan have also failed to show a correlation betweenin
vitro susceptibility for rifampin, ethambutol, and streptomycin,
and clinical response for MAC disease (449, 450). Important
and unresolved questions about MAC andin vitro susceptibility
testing remain, including what drug concentrations should be
tested and whether evaluation of drug combinations would be
more predictive than single drugs for clinical outcome.

The major therapeutic advance in the treatment of pulmonary
MAC disease was the introduction of the newer macrolides,
clarithromycin and azithromycin, which have substantialin vitro
and clinical activity against MAC. Structurally, azithromycin is
an azalide; however, because of the close similarity of azalides
to macrolides, the term smacrolideZ will be used to refer to
both. Although clarithromycin MICs for MAC are in the range
of peak achievable serum levels (1...4g/ml), perhaps the greatest
potential advantage of these newer drugs is their increased con-

centration in phagocytes and tissues, including lung (266...268).

In the “rst published study of macrolide-containing regimens
for MAC lung disease, clarithromycin was given in doses of 500
to 2,000 mg per day in a multicenter open trial to HIV-negative
patients with MAC lung disease (269). Although limited by vari-
able and inconsistent drug combinations, this study demon-
strated a relationship betweenin vitro macrolide susceptibility
and clinical response to clarithromycin monotherapy and
clarithromycin-containing regimens for MAC lung disease.
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In a separate prospective, noncomparative trial, patients with
MAC lung disease received clarithromycin 500 mg twice daily
initially as monotherapy, with companion medications (strepto-
mycin, ethambutol, and rifabutin or rifampin) added either after
4 months of macrolide monotherapy or with conversion of spu-
tum to AFB culture negative, whichever occurred “rst (270).
While receiving clarithromycin monotherapy, 18 of 19 patients
(95%) showed an improvement in sputum cultures, chest radio-
graphs, or both. The development of clarithromycin-resistant
MAC isolates (MICs 32 g/ml) was associated with microbio-
logic relapse. In a noncomparative trial with similar design, pa-
tients with MAC lung disease received azithromycin 600 mg/day
initially as monotherapy (271). After the addition of companion
drugs similar to those from the clarithromycin monotherapy trial,
sputum conversion rates at 6 months were comparable between
azithromycin- and clarithromycin-containing regimens (67 vs.
74%).

These studies in patients with MAC lung disease, combined
with macrolide monotherapy trials for HIVV-seropositive patients
with disseminated MAC disease, form the basis for the assertion
that macrolides are the only agents used for treatment of MAC
disease for which there is a correlation betweenin vitro suscepti-
bility and invivo (clinical) response (266, 269...272). All untreated
strains of MAC are macrolide susceptible (clarithromycin MICs
of 0.25 of 4.0 g/ml), whereas microbiologic relapses associated
with symptom recurrence reveal isolates with MICs of 32 g/ml
or greater, with most isolates having MICs of 1,024 g/ml or
greater (273). These relapse isolates have a point mutation in
the macrolide-binding region (peptidyltransferase) of the 23S
rRNA gene not seen in susceptible untreated strains (52, 53).
This mutation results in cross-resistance between clarithromycin
and azithromycin, and presumably all other macrolides. Patients
with either pulmonary or disseminated disease who have MAC
isolates that are macrolide resistant do not respond favorably
to standard macrolide-containing regimens (274).

In an analysis of 50 patients treated with clarithromycin-
containing regimens at one center, 36 of 39 patients (92%) who
completed at least 6 months of therapy had conversion of sputum
to AFB culture negative with 12 months of negative sputum
cultures on therapy (266). In another study, 32 patients with
MAC lung disease received a daily azithromycin-containing regi-
men with companion drugs similar to those given in the clarithro-
mycin study (266, 275). Seventeen of 29 patients (59%) with at
least 6 months of therapy had sputum conversion with 12 months
of negative sputum AFB cultures. A study from Japan evaluated
the effect of a four-drug clarithromycin-based regimen in
HIV-seronegative patients with MAC lung disease (276). Ex-
cluding patients infected with clarithromycin-resistant strains,
the sputum conversion of patients infected with susceptible
strains was 84%. Another similar study, however, failed to show
a similar bene“t of clarithromycin-containing regimens (277).

The results of multidrug macrolide-containing treatment tri-
als in patients with AIDS with disseminated MAC disease con-
“rm the superiority of macrolide-containing regimens for treat-
ing MAC in that setting as well (278, 279).

Three-times-weekly drug therapy. Intermittent therapy for
MAC lung disease offers the potential advantages of lower medi-
cation costs and fewer medication side effects. Two trials of
intermittent azithromycin administration for MAC lung disease
have been reported (275, 280, 281). In the “rst trial, azithromycin
was given three times weekly, whereas companion medications
were given daily. In a second trial, azithromycin and all compan-
ion medications were given on a three-times-weekly basis. For
patients who completed at least 6 months of therapy, 55% of
patients with the “rst regimen and 65% of patients receiving
the second (all intermittent) regimen met the treatment success
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the tolerance of the patient to specific drugs and drug combina-
tions. Some commonly recommended regimens are described in
detail below.

For most patients with nodular/bronchiectatic disease, or
those with fibrocavitary disease who cannot tolerate daily ther-
apy, or those who do not require an aggressive treatment strategy
(i.e., patients for whom disease suppression is an appropriate
goal), intermittent, three-times-weekly, therapy is recom-
mended. Recommended intermittent drug dosages include (1)
clarithromycin 1,000 mg or azithromycin 500-600 mg, (2) ethambu-
tol 25 mg/kg, and (3) rifampin 600 mg given three times weekly.

The recommended regimen for patients with fibrocavitary dis-
ease or severe nodular/bronchiectatic disease includes (1) clarithro-
mycin 1,000 mg/day (or 500 mg twice daily) or azithromycin
250 mg/day, (2) ethambutol 15 mg/kg/day, and (3) rifampin
10 mg/kg day (maximum, 600 mg/d). For many patients, the
doses of clarithromycin may need to be split (e.g., 500 mg twice
daily) because of gastrointestinal intolerance. Also, for patients
with small body mass (< 50 kg) or older than 70 years, reducing
the clarithromycin dose to 500 mg/day or 250 mg twice a day
may be necessary because of gastrointestinal intolerance. Some
patients who do not tolerate daily medications, even with dosage
adjustment, should be tried on an intermittent treatment regi-
men. Parenteral drugs are an option based on disease severity
and treatment response.

A more aggressive and less well tolerated treatment regimen
for patients with severe and extensive (multilobar), especially
fibrocavitary, disease consists of clarithromycin 1,000 mg/day
(or 500 mg twice a day) or azithromycin 250 mg/day, rifabutin
150-300 mg/day or rifampin 10 mg/kg/day (maximum 600 mg/
day), ethambutol (15 mg/kg/d), and consideration of inclusion
of either amikacin or streptomycin for the first 2 or 3 months
of therapy (see below). Selected patients in this disease category
might be considered for surgery as well. Patients receiving
clarithromycin and rifabutin should be carefully monitored for
rifabutin-related toxicity, especially hematologic (leukopenia)
and ocular (uveitis) toxicity.

Realistically, the dosing of medications for patients with nod-
ular/bronchiectatic MAC disease may require some creativity
and improvisation to maintain patients on multiple medications.
These mostly older female patients frequently require gradual
introduction of medications (i.e., one medication added to the
medication regimen at 1-2 weekly intervals), to evaluate toler-
ance to each medication and medication dose. Starting the nodu-
lar/bronchiectatic patient on all drugs at once on full doses of
each medicine frequently results in adverse drug reactions re-
quiring cessation of all medications and alterations in drug ther-
apy. Some experts recommend starting with the macrolide at
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attenuated doses, then gradually increasing the desired therapeu-
tic dose over 1 to 2 weeks. Ethambutol and then the rifamycin
are subsequently added at 1- to 2-week intervals. Once-daily
dosing for MAC medications is desirable, as is recommended
for anti-TB medications, but some patients will require splitting
the medication dose to tolerate adequate medication doses. Pa-
tients who require even more complicated medication manipula-
tion should have expert guidance of therapy.

Intermittent amikacin or streptomycin for the first 2 to 3
months of therapy should be considered for extensive, especially
fibrocavitary, disease or patients who have failed prior drug
therapy. A recent prospective comparative trial of MAC treat-
ment regimens with or without streptomycin demonstrated bet-
ter sputum conversion rates in patients receiving streptomycin
(449). The collective clinical experience also supports the use
of the parenteral aminoglycoside therapy in extensive or drug-
refractory MAC infection. Although streptomycin has been used
more in this clinical setting than amikacin, there are no data
demonstrating superiority of one agent over the other. The doses
of streptomycin or amikacin in MAC therapy will depend on
the patient’s age, weight, and renal function. Recent data suggest
that patients tolerate amikacin or streptomycin at 25 mg/kg three
times weekly during the initial 3 months of therapy (297). This
dosage would, however, be impractical for intramuscular admin-
istration and may be difficult to tolerate for longer periods. For
older patients with nodular/bronchiectatic disease or patients
who require long-term parenteral therapy (e.g., 6 mo or longer),
some experts recommend that a dose of 8 to 10 mg/kg two to
three times weekly may be necessary, with a maximum dose of
500 mg for patients older than 50 years (2). For extensive disease,
at least 2 months of intermittent (twice or three times weekly)
streptomycin or amikacin is recommended, although longer par-
enteral aminoglycoside therapy may be desirable in patients with
very extensive disease or for those who do not tolerate other
agents.

Because ototoxicity and vestibular toxicity due to aminogly-
cosides are usually irreversible, patients who receive streptomy-
cin or amikacin should be instructed in the signs and symptoms
of toxicity (unsteady gait, tinnitus, diminished hearing) at the
start of therapy and again on subsequent visits, with discontinua-
tion or decrease in dosage or frequency if signs suggestive of
toxicity occur. Baseline audiometry testing, together with repeat
interval testing while receiving parenteral aminoglycoside ther-
apy, should be performed. Some experts prefer amikacin to
streptomycin due to a perceived difference in the severity of
vestibular toxicity between the two drugs.

As listed in MAC treatment controversies, there have been
no studies evaluating the efficacy of two-drug versus three-drug

TABLE 5. THERAPY FORM ycosacTerium aAvium COMPLEX LUNG DISEASE: RECOMMENDATIONS ACCORDING TO DISEASE

STATUS AND/OR SEVERITY

Initial Therapy for

Initial Therapy

Advanced (Severe) or

Nodular/Bronchiectatic Evidence for Cavitary Evidence Previously Treated Evidence
Disease* Quality" Disease Quality® Disease Quality"
Macrolide Clarithromycin 1,000 mg TIW or B, Il Clarithromycin 500%1,000 mg/d A, Il Clarithromycin 500*-1,000 mg/d or azithromycin B, Il
azithromycin 500-600 mg TIW or azithromycin 250-300 mg/d 250-300 mg/d
Ethambutol 25 mg/kg TIW 15 mg/kg/d 15 mg/kg/d
Rifamycin Rifampin 600 mg TIW Rifampin 450%-600 mg/d Rifabutin 150300 mg/d or rifampin 450*-600 mg/d

IV aminoglycoside None

Streptomycin or amikacin® or none

Streptomycin or amikacin®

Definition of abbreviations: IV = intravenous; TIW = three times weekly.
* Not recommended for severe or previously treated disease.

T Rating for entire multidrug regimen, not necessarily for individual agents. For evidence quality, see Table 1.

# Lower dose for weight < 50 kg.
§ See text for dosing recommendation.
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regimens for MAC lung disease. There are also concerns that a
two-drug regimen for patients with cavitary MAC disease might
promote the emergence of macrolide-resistant MAC isolates.
Overall, clarithromycin or azithromycin with ethambutol on a
daily basis would be acceptable for some patients (i.e., mild
disease, medication intolerance, disease suppression) with nodu-
lar/bronchiectatic MAC disease. No other two-drug regimen is
recommended (see the online supplement).

The efficacy and methods for treating pediatric patients (e.g.,
those with underlying CF) with the above regimens have not
been studied, nor have drug doses or serum drug levels for agents
such as clarithromycin and rifabutin.

Monitoring of disease during therapy and treatment endpoint.
The goals of therapy include symptomatic, radiographic, and
microbiologic improvement. The primary microbiologic treat-
ment endpoint for MAC lung disease is the conversion of sputum
cultures to negative. A successful patient response to therapy
should be documented by sputum cultures negative for MAC.
Therefore, AFB smears and cultures of sputum should be ob-
tained monthly during therapy for pulmonary MAC disease to
assess response. Patients should show clinical improvement
within 3 to 6 months and should convert their sputum to negative
within 12 months on macrolide-containing regimens (266). Fail-
ure to respond in these time periods should prompt investigation
for possible noncompliance (perhaps due to drug intolerance)
or macrolide resistance or the presence of anatomic limitations
to successful therapy (e.g., focal cystic or cavitary disease). For
patients whose disease has failed to respond to a macrolide-
containing regimen and who have progressive, symptomatic dis-
ease, an alternative drug regimen or surgery will be necessary.
Symptomatic improvement is also important, but can be compli-
cated by the progression or exacerbation of underlying diseases
such as bronchiectasis and COPD. Similarly, although radio-
graphic improvement is expected and desirable, radiographic as-
sessment can be difficult both because of concomitant lung disease
and limited potential for improvement of MAC-related abnormal-
ities. The radiographic evolution of nodular/bronchiectatic MAC
disease in either treated or untreated patients is not well defined.

Previous studies suggest that culture-negative status for
12 months while receiving a clarithromycin- or azithromycin-
containing regimen is adequate for most patients (266-269). Re-
cent genotyping studies support 12 months of culture-negative
sputum as a reasonable treatment endpoint because new positive
sputum cultures for MAC after initial sputum conversion and
culture negativity for 10 to 12 months are usually due to reinfec-
tion (new MAC genotype) rather than disease relapse (51).

Context:

The following recommendations are for patients with macrolide-
susceptible MAC isolates.

Recommendations:

1. The recommended initial regimen for most patients with
nodular/bronchiectatic MAC lung disease is a three-times-
weekly regimen including clarithromycin 1,000 mg or
azithromycin 500 mg, ethambutol 25 mg/kg, and rifampin
600 mg administered three times per week (A, 11).

2. The recommended initial regimen for fibrocavitary or se-
vere nodular/bronchiectatic MAC lung disease includes
clarithromycin 500-1,000 mg/day or azithromycin 250 mg/
day, ethambutol 15 mg/kg/day, and rifampin 10 mg/kg/day
(maximum, 600 mg). An initial 2 months of ethambutol
at 25 mg/kg/day is no longer recommended (A, I1). Alter-
native treatment recommendations, including the use of
parenteral agents, are illustrated in Table 5 (B, II).

3. Intermittent drug therapy is not recommended for patients
who have cavitary disease, patients who have been pre-
viously treated, or patients who have moderate or severe
disease (C, III).

4. The primary microbiologic goal of therapy is 12 months
of negative sputum cultures while on therapy; therefore,
sputum must be collected from patients for AFB examina-
tion throughout treatment (A, I1).

5. Macrolides should not be used as monotherapy for MAC
because of the risk for developing macrolide-resistant MAC
isolates (A, II).

6. A macrolide with a single companion drug, ethambutol,
may be adequate for nodular/bronchiectatic MAC disease
but should not be used in patients with fibrocavitary dis-
ease because of the risk of emergence of macrolide resis-
tance (A, I1).

7. Patients respond best to MAC treatment regimens the first
time they are administered; therefore, it is very important
that patients receive recommended multidrug therapy the
first time they are treated for MAC lung disease (A, I1).

8. Expert consultation should be sought for patients who
have difficulty tolerating MAC treatment regimens or who
do not respond to therapy (C, III).

Treatment of macrolide-resistant MAC lung disease. The man-
agement of macrolide-resistant MAC involves complex clinical
decision making, drug choices, and protracted duration of ther-
apy, analogous to the drug management of multidrug-resistant
TB. Given the complexities of management, the risk of complica-
tions, and the need for obtaining an optimal outcome in a prob-
lematic clinical situation, therapy of macrolide-resistant MAC
should be undertaken only in consultation with an expert experi-
enced in MAC therapy. Extensive use of additional agents before
referral may compromise the patient’s optimal chance for thera-
peutic response.

Patients with macrolide resistance can have either upper lobe
cavitary disease or nodular/bronchiectatic disease. The two ma-
jor risk factors for macrolide-resistant MAC disease are macro-
lide montherapy or treatment with macrolide and inadequate
companion medications (274). In a recent study of patients with
macrolide-resistant MAC lung disease, the treatment strategy
associated with the most success included both the use of a
parenteral aminoglycoside (streptomycin or amikacin) and surgi-
cal resection (“debulking”) of disease (for patients with either
cavitary or nodular/bronchiectatic disease) (274). The optimal
drug regimen for treating macrolide-resistant strains is a major
issue to be addressed in future studies as resistant strains become
more prevalent. The four-drug regimen of isoniazid (300 mg/d),
rifampin (600 mg/d), and ethambutol (25 mg/kg/d for the first 2
mo, then 15 mg/kg/d) with streptomycin for the initial 3 to 6
months of therapy was reported to be effective for selected
patients with MAC lung disease in the pre-macrolide era (259).
In the opinion of some experts, rifabutin should be substituted
for rifampin in this situation because of the generally poor re-
sponse to medications and better in vitro activity of rifabutin
against MAC. In addition, amikacin could be substituted for
streptomycin, and isoniazid should be considered optional for
these patients. A number of other drugs have been used in
multidrug regimens in the past, but they are limited by little or no
evidence of clinical efficacy and toxicity (e.g., clofazamine, cycloser-
ine, ethionamide, and capreomycin). The newer 8-methoxy fluoro-
quinolone moxifloxacin has better in vitro activity against MAC
than older quinolones, but most MAC isolates are resistant
in vitro and no data are available about its in vivo activity in
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MAC lung disease. Including a macrolide in treatment regimens
for macrolide-resistant MAC isolates is not recommended. The
long-term success rate in the macrolide era for salvage regimens,
without surgery, for treating macrolide-resistant disease is very
poor.

The role of immune therapy in patients who fail drug therapy
has not been established. The preliminary review of data from
a recent unpublished, large, multicenter trial of inhaled IFN-y
adjunctive therapy for pulmonary MAC infection appears to
show no added benefit of this therapy when included in a macrolide-
based three-drug treatment regimen. IFN-v is used for treatment
of NTM infection in selected patients with IFN-y deficiency. Simi-
larly, the role of inhaled antibiotics, such as tobramycin and ami-
kacin, has not been established.

Treatment failure. Patients are considered treatment failures
if they have not had response (microbiologic, clinical or radio-
graphic) after 6 months of appropriate therapy or achieved con-
version of sputum to AFB culture negative after 12 months
of appropriate therapy. Multiple factors can interfere with the
successful treatment of MAC lung disease, including medication
nonadherence, medication side effects or intolerance, prior ther-
apy of MAC lung disease, lack of response to a medication regi-
men, or the emergence of a macrolide-resistant MAC isolate.

MAC reinfection. For patients who initially have sputum con-
version (three consecutive AFB-negative cultures) while on medica-
tion but who then subsequently develop positive cultures for
MAC after discontinuing therapy, it has been shown that many
of these patients are reinfected by new MAC strains (genotypes)
rather than manifesting disease due to relapse with their initial
MAC strain (genotype) (38, 51). The timing of the positive
culture is strongly associated with either relapse or reinfection.
Patients whose sputum cultures become negative on therapy
and discontinue antimycobacterial therapy after fewer than 10
months of negative cultures and then have multiple positive
cultures are likely to have relapse of disease with the original
MAC strain (genotype). Patients who complete 10 to 12 months
of negative cultures on therapy, however, but then have either
single or multiple positive MAC cultures are more likely to have
reinfection with a new MAC strain. The reinfection isolates
are uniformly susceptible to macrolides, even when they occur
during therapy, and are almost exclusively seen in patients with
underlying bronchiectasis (51). The clinical significance of rein-
fection MAC isolates is variable. Multiple isolates are usually
associated with recurrence of clinical symptoms and usually indi-
cate renewed clinical disease and require reinstitution of MAC
therapy, whereas single reinfection MAC isolates that occur after
completion of therapy may not be a harbinger of renewed or
progressive MAC disease that requires therapy. This reinfection
phenomenon also demonstrates that, for some patients, MAC
is a chronic recurring condition and the reinfections are a reflec-
tion of an underlying condition, probably bronchiectasis, which
may or may not have been initially caused by MAC infection.
The role of MAC genotyping in the routine care of patients on
drug therapy is not yet determined; however, it can be helpful
for determining the significance of positive cultures from patients
with MAC lung disease either during or after therapy.

Drug toxicity and toxicity monitoring. The multidrug MAC
treatment regimens are frequently associated with medication-
related adverse events, including toxicities, side effects, and aller-
gic reactions, especially in elderly patients with nodular/bronchi-
ectatic disease whose weight is often in the 45- to 55-kg range
(Table 6). Clarithromycin toxicity is dose and serum-level related
(283, 284). Adult patients generally cannot tolerate clarithro-
mycin at more than 1,000 mg/day, although some elderly patients
with low creatinine clearances or low body weight require even
lower doses (i.e., 250-500 mg/d) because of toxicity (283, 284).

391

The most common toxicities seen with clarithomycin are gastro-
intestinal (metallic taste, nausea, and vomiting).

Azithromycin toxicity is dose and serum-level related. Most
adult patients with MAC lung disease do not tolerate azithro-
mycin doses of greater than 300 mg/day because of frequent
adverse events, including gastrointestinal symptoms (primarily
diarrhea) and reversible hearing impairment (285). Hence, the
maximum recommended doses are 250 mg/day or 500 mg three
times weekly.

Rifabutin toxicity is dose related, common, and frequently
requires dosage adjustment. Clarithromycin has been shown to
more than double rifabutin serum levels, likely by inhibiting
hepatic metabolism of rifabutin. Rifabutin toxicity, including
gastrointestinal symptoms, uveitis, and polyarthralgia syndrome,
is common in patients receiving 450 to 600 mg/day of rifabutin
who are also receiving clarithromycin for pulmonary MAC dis-
ease (291, 292). The most common toxicity with rifabutin is fever,
chills, and a flulike illness. Resolution of these symptoms will
occur with a decrease in rifabutin dosage. A reduction in total
white blood cell count below 5,000 cells/pl is also common with
doses of rifabutin at 300 to 600 mg/day, although a reduction in
white blood cell counts to below 2,000 cells/pl or an absolute
granulocyte count of below 1,000 cells/wl is unusual (291). Al-
though 300 mg/day of rifabutin may be an appropriate dose in
some circumstances, a reduction to 150 mg/day, especially in
older patients with nodular/bronchiectatic disease, may be neces-
sary when rifabutin is combined with clarithromycin.

Rifampin-related toxicity includes gastrointestinal symptoms,
hepatotoxicity, hypersensitivity reactions, and, rarely, severe im-
munologic reactions (acute renal failure, thrombocytopenia).
Most experts feel that toxicity with rifampin is much less fre-
quently encountered than with rifabutin. A major consideration
for use of rifampin in the older population with MAC lung
disease is the possibility of drug interactions due to induction
of hepatic microsomal enzymes. These patients are frequently
receiving multiple other medications whose efficacy may be com-
promised by rifampin coadministration.

Ethambutol ocular toxicity occurs more frequently in the
treatment of patients with MAC lung disease than in patients
taking ethambutol for therapy for TB, probably due to the longer
duration of exposure to ethambutol in MAC disease compared
with TB where ethambutol is generally administered for
not more than 2 months. The risk appears to be greater when
ethambutol is given on a daily basis versus intermittent (three
times weekly) administration (298). In one study of 229 patients
receiving ethambutol as part of MAC lung disease therapy, 6%
of patients on daily therapy compared with 0% on three-times-
weekly therapy developed ethambutol ocular toxicity (298).

Monitoring of patients for toxicity, given the number of drugs
and the older age of these patients, is essential. Monitoring
should include visual acuity (ethambutol and rifabutin), red-green
color discrimination (ethambutol), liver enzymes (clarithromycin,
azithromycin, rifabutin, rifampin, isoniazid, ethionamide), auditory
and vestibular function (streptomycin, amikacin, clarithromycin,
azithromycin), renal function (streptomycin and amikacin), and
leukocyte and platelet counts (rifabutin) (284, 285, 292, 299).
Patients who receive both clarithromycin and rifabutin must be
monitored for the development of toxicity related to the interac-
tion of these drugs (292, 299). Clarithromycin enhances rifabutin
toxicity (especially uveitis), whereas the rifamycins, rifampin
more than rifabutin, lower clarithromycin serum drug levels
(300). Details are provided in the section on monitoring for drug
toxicity.

Surgical treatment of MAC lung disease. Patients whose dis-
ease is predominantly localized to one lung and who can tolerate
resectional surgery might also be considered for surgery under
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TABLE 6. COMMON SIDE EFFECTS AND TOXICITIES OF DRUGS USED FOR THERAPY OR PROPHYLAXIS OF NONTUBERCULOUS
MYCOBACTERIAL DISEASE

Drug Major Side Effects/Toxicity Monitoring Procedures

Isoniazid Hypersensitivity (fever, rash)

Hepatitis

Clinical symptoms

Clinical symptoms; periodic ALT or AST determinations, especially
in first 3 mo of therapy

Increased serum levels of phenytoin (Dilantin) Monitor serum levels

Peripheral neuropathy related to pyridoxine deficiency Clinical symptoms

Optic neuritis (loss of red/green color discrimination, loss of visual Discontinue drug immediately with subjective visual loss; periodic
acuity) and symptomatic testing for red/green color discrimination

and visual acuity (monthly if receiving 25 mg/kg/d);
ophthalmology evaluation for symptomatic patients

Orange discoloration of secretions and urine; staining of soft None
contact lenses

Gastrointestinal disturbance (nausea, vomiting)

Hypersensitivity (fever, rash)

Hepatitis

Increased hepatic metabolism of numerous agents, including
birth control pills, ketoconazole, quindine, prednisone, oral
hypoglycemics (sulfonylureas), digitalis, methadone, warfarin,
clarithromycin, and protease inhibitors

“Flu-like” syndrome, thrombocytopenia, renal failure

Polymyalgia, polyarthralgia, leukopenia, granulocytopenia,
anterior uveitis (rifabutin with clarithromycin)

Vestibular/auditory toxicity (dizziness, vertigo, ataxia, tinnitus,
hearing loss)

Ethambutol

Rifampin, rifabutin

Clinical symptoms

Clinical symptoms

Clinical symptoms; AST or ALT determination based on symptoms

Monitor clinical status and appropriate serum levels when
possible.

Clinical symptoms; platelet count, serum creatinine as indicated

Rifabutin only Clinical symptoms; periodic WBC counts

Streptomycin, amikacin,
tobramycin

Clinical symptoms including changes in hearing, ability to walk,
dizziness; periodic hearing tests in high-risk patients or those
with auditory/vestibular symptoms; periodic amikacin serum

Azithromycin, clarithromycin

Clarithromycin only
Ciprofloxacin, Ofloxacin

Moxifloxacin

Cefoxitin

Tetracyclines (doxycycline,
minocycline)

Sulfonamides, trimethoprim/
sulfamethoxazole

Imipenem

Linezolid

Gastrointestinal disturbance (nausea, vomiting, diarrhea)

Decreased hearing

Hepatitis

Inhibited hepatic metabolism of several agents, including
rifabutin, some protease inhibitors

Gastrointestinal disturbance (nausea, vomiting, diarrhea)

Central nervous system (headache, insomnia)

Gastrointestinal disturbance (nausea, vomiting, diarrhea)

Central nervous system (insomnia, agitation, anxiety)

Musculoskeletal (tendonitis)

Hypersensitivity (fever, rash, eosinophilia)

Hematologic (anemia, leukopenia)

Gastrointestinal disturbance (nausea, vomiting, diarrhea)

Cutaneous (photosensitivity, rash, hyperpigmentation)

Central nervous system (dizziness, vertigo [minocycline])

Gastrointestinal disturbance (nausea, vomiting, diarrhea)

Hematologic (leukopenia, anemia, thrombocytopenia)

Hypersensitivity (fever, rash, Stevens-Johnson syndrome)

Gastrointestinal disturbance (nausea, vomiting, diarrhea)

Hypersensitivity (anaphylaxis, rash)

Central nervous system (seizures, confusion state)

Hepatitis

Hematologic (leukopenia, anemia, thrombocytopenia,
pancytopenia)

Gastrointestinal disturbance (nausea, vomiting, diarrhea)

Hematologic (leukopenia, anemia, thrombocytopenia,

levels
Clinical symptoms
Clinical symptoms
Periodic alkaline phosphatase, AST and ALT for first 3 mo
Monitor clinical status and appropriate serum levels when

possible
Clinical symptoms
Clinical symptoms
Clinical symptoms
Clinical symptoms
Clinical symptoms
Clinical symptoms
Periodic blood counts
Clinical symptoms
Clinical symptoms
Clinical symptoms
Clinical symptoms
Periodic blood counts
Clinical symptoms
Clinical symptoms
Clinical symptoms
Clinical symptoms
Periodic hepatic enzymes
Periodic blood counts

Clinical symptoms
Periodic blood counts

pancytopenia)
Peripheral neuropathy

Clinical symptoms

Definition of abbreviations: ALT = alanine aminotransferase; AST = aspartate aminotransferase; WBC = white blood cell.

some circumstances. These include the following: poor response
to drug therapy, the development of macrolide-resistant MAC
disease, or the presence of significant disease-related complica-
tions such as hemoptysis. For some patients successfully treated
by surgical resection, the prognosis has been better than for
patients treated medically (263, 264). Whenever possible, this
surgery should be performed at centers with thoracic surgeons who
have considerable experience with this type of surgery because
lung resectional surgery for mycobacterial disease is potentially
associated with significant morbidity and mortality (301, 302).
Several single-center, retrospective studies including small
numbers of patients suggest that surgery can be associated with

favorable treatment outcome (301-306). Some experts interpret
these studies as suggesting a benefit of surgery for highly selected
patient groups whose MAC disease has responded poorly to
drug therapy (e.g., the patients with macrolide-resistant MAC
disease). There are, however, significant limitations to the wide
application of these findings. First, there are no widely accepted
or uniform criteria for the selection of patients with MAC lung
infection for surgical therapy. Presumably, patients would need
to meet preoperative criteria similar to those for patients under-
going lung resection for cancer. Second, these studies are re-
ported from centers with experience in the surgical management
of mycobacterial diseases. Even in experienced hands, this type
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at 1 g twice weekly for the first 3 months to the previously
recommended three-drug regimen given for 12 months resulted
in apparent cure of all but one patient (347). The British Medical
Research Council completed a trial of daily low-dose ethambutol
(15 mg/kg) and daily rifampin given for 9 months in 155 adult
patients (349). Sputum conversion was achieved in 99.4% of
patients, but with a relapse rate of 10% with a 5-year follow-
up. In a third study, 14 patients received rifampin, and isoniazid
(INH) for 12 months with ethambutol (25 mg/kg) for the first
6 months (351). A second group of 14 patients were treated with
the same regimen but for a total of 18 months. All patients in
both regimens converted their sputum to negative. After 12 to 30
months of follow-up, only one patient in the 12-month treatment
group and no patients in the 18-month group had relapsed after
completing therapy. And finally, recent study of 15 patients
receiving thrice-weekly therapy with rifampin (600 mg), etham-
butol (25 mg/kg), and clarithromycin (500-1,000 mg) reported
that 12 months of negative sputum cultures was associated with
no disease relapses after 46 months of follow-up (95). As with
MAC lung disease, a reasonable treatment endpoint for M. kan-
sasii lung disease may be 12 months of negative sputum cultures,
especially with a three-drug treatment regimen (352).

The recommended regimen for treating pulmonary M. kan-
sasii disease includes rifampin (600 mg/d), isoniazid (300 mg/d),
and ethambutol (15 mg/kg/d) for a duration that includes 12
months of negative sputum cultures. As noted previously, one
study of 15 patients who received three-times-weekly rifampin,
ethambutol, and clarithromycin suggests that intermittent ther-
apy for M. kansasii disease can be successful (95).

Patients whose M. kansasii isolates have become resistant
to rifampin as a result of previous therapy have been treated
successfully with a regimen that consists of high-dose daily isoni-
azid (900 mg), pyridoxine (50 mg daily), high-dose ethambutol
(25 mg/kg/d), and sulfamethoxazole (1.0 g three times/d) com-
bined with daily or five times per week streptomycin or amikacin
for the initial 2 to 3 months, followed by intermittent streptomy-
cin or amikacin for a total of 6 months (342). The therapy was
continued until the patient was sputum culture negative for 12
to 15 months. With this regimen, sputum conversion occurred
in 18 of 20 patients (90%b) after a mean of 11 weeks, with only
one relapse (8%) among patients who were culture negative for
at least 12 months on therapy (342). The excellent in vitro activity
of clarithromycin and moxifloxacin against M. kansasii suggests
that these agents may also be useful in re-treatment regimens
(95). Multidrug regimens containing a macrolide (i.e., clarithro-
mycin or azithromycin), moxifloxacin, and at least one other
agent based on in vitro susceptibilities, such as ethambutol or
sulfamethoxazole, are likely to be effective for treatment of a
patient with rifampin-resistant M. kansasii disease.

Context:

The following recommendations are for patients with rifampin-
susceptible M. kansasii isolates unless noted otherwise.

Recommendations:

1. Patients should receive a daily regimen including rifampin
10 mg/kg/day (maximum, 600 mg), ethambutol 15 mg/kg/
day, isoniazid 5 mg/kg/day (maximum 300 mg), and pyri-
doxine (50 mg/day) (A, II). An initial 2 months of etham-
butol at 25 mg/kg/day is no longer recommended (A, I1).

2. Treatment duration for M. kansasii lung disease should
include 12 months of negative sputum cultures (A, II).

3. For patients with rifampin-resistant M. kansasii disease, a
three-drug regimen is recommended based on in vitro suscep-

tibilities including clarithromycin or azithromycin, moxiflox-
acin, ethambutol, sulfamethoxazole, or streptomycin (A, 11).

4. Patients undergoing therapy for M. kansasii lung disease

should have close clinical monitoring with frequent sputum
examinations for mycobacterial culture throughout ther-

apy (C, 1.

Disseminated M. kansasii disease. EPIDEMIOLOGY. M. kansasii
is the second most common nontuberculous mycobacterium that
produces disease in patients with AIDS (20). In contrast to
MAC, pulmonary disease is seen in over half of patients (318,
319, 353). Bacteremia alone is far less common than for persons
infected with MAC, occurring in fewer than 25% of individuals.
The average CD4" T-cell count at diagnosis was under 50 cells/
wl in most studies of persons with M. kansasii and HIV infection
(319, 339, 353).

TREATMENT. The treatment regimen for disseminated disease
should be the same as for pulmonary disease. Because of the
critically important role of rifamycins in the treatment of
M. kansasii disease, it is important to construct M. kansasii and
antiretroviral treatment regimens that are compatible. Guidelines
for the use of rifamycins in patients taking protease inhibitors and
nonnucleoside reverse transcriptase inhibitors are published and
updated by the CDC (http://www.cdc.gov/nchstp/th/). An option
for treating HIV-infected patients who receive an antiretroviral
regimen not compatible with rifamycins is to substitute a macro-
lide or moxifloxacin for the rifamycin.

The recommendation for duration of therapy for dissemin-
ated M. kansasii disease in patients with AIDS or other immuno-
compromised patients are the same as the recommendation for
duration of therapy for disseminated MAC infection. There is
no recommended prophylaxis or suppressive regimen for dissem-
inated M. kansasii disease.

M. abscessus (RGM)

Epidemiology. The southeastern United States from Florida to
Texas appears to be the major endemic area for M. abscessus
disease, although disease has been reported from all geographic
areas of the United States (22).

Clinical presentation. SKIN, SOFT TISSUE, AND BONE DISEASES.
Cutaneous disease caused by M. abscessus usually follows
accidental trauma or surgery in a variety of clinical settings (173).
Cutaneous lesions are usually purple nodules (see the online
supplement). Some minor infections will resolve spontaneously
or after surgical debridement. However, several studies of post-
injection abscesses in which no therapy was given revealed dis-
ease that persisted in most patients for 8 to 12 months before
spontaneously resolving. Several case studies and one clinical
trial of patients with cutaneous disease due to other RGM
treated on the basis of in vitro susceptibilities have shown good
results (173, 354-357).

PULMONARY DISEASE. M. abscessus is the third most frequently
recovered NTM respiratory pathogen in the United States and
accounts for approximately 80% of RGM respiratory disease
isolates (32). The largest group of patients with this lung disease
are white, female nonsmokers, and older than 60 years, with no
predisposing conditions or previously recognized lung disease.
Underlying disorders that are associated with the disease include
bronchiectasis and prior mycobacterial infection. As with MAC
lung disease, the origin of bronchiectasis in these patients may
be the M. abscessus infection, but this is not known with certainty.
Other rare predisposing conditions include gastroesophageal
disorders with chronic vomiting, lipoid pneumonia, CF, and
AAT anomalies (32). The distinguishing feature of patients with
a recognized underlying lung disease is that their M. abscessus
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disease occurs at a younger age, usually in those younger than
50 years, and almost all patients younger than 40 years have one
of the predisposing disorders (32).

The chest radiograph from patients with M. abscessus lung
disease usually shows multilobar, patchy, reticulonodular, or
mixed interstitial-alveolar opacities with an upper lobe predomi-
nance (see the online supplement). Cavitation occurs in only
approximately 15% of cases (32). HRCT of the lung frequently
shows associated cylindrical bronchiectasis and multiple small
(< 5 mm) nodules (see the online supplement). Overall, the
radiographic pattern is similar to the nodular bronchiectatic form
of MAC lung disease (32). Approximately 15% of patients with
M. abscessus lung disease will also have MAC isolated from
their sputum, suggesting a close relationship of the disorders (32).

The usual presenting symptoms are similar to those for other
NTM respiratory pathogens, especially MAC, including cough
and easy fatigability. The natural history of this disease depends
primarily on the presence or absence of underlying disorders.
For most patients with M. abscessus and no underlying disorder
other than bronchiectasis, the disease is indolent and slowly
progressive. Some patients show little radiographic change
over years. More fulminant, rapidly progressive disease can
occur in association with gastroesophageal disorders and CF. In
a study published in 1993, death occurred as a consequence of
M. abscessus infection in 20% of cases, although current esti-
mates are that death rates are lower (32).

Treatment. M. abscessus isolates are uniformly resistant to
the standard antituberculous agents (358-360). Because of vari-
able in vitro drug susceptibilities to some drugs, antibiotic suscep-
tibility testing of all clinically significant isolates is recommended.
Acquired mutational resistance to clarithromycin (23S rRNA
gene) and amikacin (16S rRNA gene) can occur because isolates
of M. abscessus have only a single copy of the gene. Untreated
M. abscessus isolates generally have low or intermediate MICs,
compared with achievable drug levels, to clarithromycin (100%),
amikacin (90%), and cefoxitin (70%). Some isolates have low
or intermediate MICs to linezolid. Some isolates (50%) also
show low MICs to imipenem, although, as noted, this determina-
tion is not reliable (see LABORATORY PROCEDURES). Isolates also
have low MICs to clofazimine, although methodology and MIC
breakpoints have not yet been addressed by the CLSI for this
agent.

For serious skin, soft tissue, and bone infections caused by
M. abscessus, clarithromycin 1,000 mg/day or azithromycin 250
mg/day should be combined with parenteral medications (ami-
kacin, cefoxitin, or imipenem). The macrolides are the only oral
agents reliably active in vitro against M. abscessus (359, 361).
The most active of the parenteral agents is amikacin. Intravenous
amikacin is given at a dose of 10 to 15 mg/kg daily to adult
patients with normal renal function to provide peak serum levels
in the low 20-mg/ml range. Once-daily dosing is unproven clini-
cally but appears reasonable. The lower dose (10 mg/kg) should
be used in patients older than 50 years and/or in patients in
whom long-term therapy (> 3 wk) is anticipated. The three-
times-weekly amikacin dosing at 25 mg/kg is also reasonable,
but may be difficult to tolerate over periods longer than 3 months
(297). The amikacin combined with high-dose cefoxitin (up to
12 g/d given intravenously in divided doses) is recommended
for initial therapy (minimum, 2 wk) until clinical improvement
is evident. Limited cefoxitin availability may necessitate the
choice of an alternative agent such as imipenem (500 mg two
to four times daily), which is a reasonable alternative to cefoxitin
(175, 359, 360). For serious disease, a minimum of 4 months of
therapy is necessary to provide a high likelihood of cure. For
bone infections, 6 months of therapy is recommended (354).
Surgery is generally indicated with extensive disease, abscess
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formation, or where drug therapy is difficult. Removal of foreign
bodies, such as breast implants or percutaneous catheters, is
important and probably essential to recovery.

In contrast to the efficacy of medication regimens for nonpul-
monary disease, no antibiotic regimens based on in vitro suscepti-
bilities has been shown to produce long-term sputum conversion
for patients with M. abscessus lung disease. The goal of 12 months
of negative sputum cultures while on therapy may be reasonable,
but there is no medication strategy to reliably achieve this goal.
Alternative goals of therapy, such as symptomatic improvement,
radiographic regression of infiltrates, or improvement in sputum
culture positivity, short of conversion to negative culture, are
more realistic at this point for M. abscessus lung disease. Monoth-
erapy with macrolides is not sufficient to produce microbiologic
cure for M. abscessus lung disease. Combination therapy (as
outlined above) with amikacin plus cefoxitin or imipenem for 2
to 4 months usually produces clinical and microbiologic improve-
ment, but cost and morbidity are significant impediments to a
curative course of therapy. For patients with macrolide-resistant
M. abscessus isolates or macrolide intolerance, most experts
would recommend a combination of parenteral drugs based on
in vitro susceptibilities. For some patients, symptoms can be
controlled with intermittent periods of therapy with clarithro-
mycin or azithromycin alone or in combination with one or
more parenteral drugs. Suppressive therapy, including periodic
parenteral antibiotic or oral macrolide therapy, may be all that
can be realistically administered to control the symptoms and
progression of M. abscessus lung disease. Because side effects
and toxicities are common with aggressive parenteral therapy,
expert consultation is recommended for these patients. Overall,
with current antibiotic options, M. abscessus is a chronic incur-
able infection for most patients.

Curative therapy for M. abscessus lung disease is more likely
to be obtained with limited disease and a combination of surgical
resection of involved lung and chemotherapy (32). Patients with
focal lung disease who can tolerate lung resection should be
treated with surgery after an initial period on antimicrobial drug
therapy to lessen the microbial burden. Caveats discussed for
MAC lung disease surgery are pertinent for M. abscessus as well.
For patients with underlying esophageal or other swallowing
disorders, treatment of the underlying condition can result in
improvement of the RGM lung disease.

Drugs that show some potential but are not extensively tested
include three newer classes of drugs, the oxazolidinones, the
glycylcyclines, and the ketolides, that all have some in vitro
activity against M. abscessus (362). Approximately 50% of M.
abscessus isolates are susceptible or intermediate in susceptibility
in vitro to linezolid, the first FDA-approved oxazolidinone (363).
A small number of patients with M. abscessus lung disease have
been treated with linezolid and a companion drug, usually a
macrolide, with mixed results. Long-term linezolid therapy at
usually recommended antibacterial doses (600 mg twice daily)
is often associated with severe side effects, such as anemia, pe-
ripheral neuropathy, nausea, and vomiting. A smaller dose, 600
mg/day, is associated with fewer gastrointestinal and hematologic
side effects and may still have significant antimycobacterial activ-
ity (363). The tetracycline derivatives, glycylcyclines, especially
tigecycline, also have in vitro activity against M. abscessus. This
drug must be given intravenously and it is known to cause nausea
and anorexia in some patients when given long term for myco-
bacterial disease. Telithromycin, a ketolide, in limited testing
has in vitro activity against some M. abscessus isolates but has
not been evaluated clinically.
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Context:

1. At present, there is no reliable or dependable antibiotic
regimen, even based on in vitro susceptibilities and includ-
ing parenteral agents, to produce cure for M. abscessus
lung disease.

Recommendations:

1. The only predictably curative therapy of limited (focal)
M. abscessus lung disease is surgical resection of involved
lung combined with multidrug chemotherapy (A, II).

2. Periodic administration of multidrug therapy, including a
macrolide and one or more parenteral agents (amikacin,
cefoxitin, or imipenem) or a combination of parenteral
agents over several months may help control symptoms
and progression of M. abscessus lung disease (C, I11).

M. chelonae (RGM)

The organism. It is important to differentiate isolates identified
as “M. chelonae/abscessus™ to the species isolated since both
species can cause skin, bone, and soft tissue infections, but ther-
apy for M. chelonae is potentially easier than for M. abscessus
infection (see LABORATORY PROCEDURES).

Clinical presentation. Skin, bone, and soft tissue disease are
the most important clinical manifestations of M. chelonae infec-
tion. Disseminated M. chelonae disease can also occur in immu-
nocompromised patients and presents with characteristic skin
lesions (368). An example of cutaneous M. chelonae infection
is provided in the online supplement.

Epidemic and sporadic cases of keratitis caused by NTM
have been associated with contact lens wear and ocular surgery,
particularly LASIK (217, 233, 234). Although both rapid and
slow-growing NTM have been implicated in LASIK-associated
infection, M. chelonae is the most frequently reported etiologic
agent (233).

M. chelonae is a less common cause of pulmonary disease
than M. abscessus. The symptoms and radiographic presentation
are similar to M. abscessus and M. fortuitum (32).

Treatment. 1solates of M. chelonae are susceptible or interme-
diate in susceptibility to tobramycin (100%), clarithromycin
(100%0), linezolid (90%), imipenem (60%), amikacin (50%), clo-
fazimine, doxycycline (25%), and ciprofloxacin (20%). For M.
chelonae, tobramycin is more active in vitro than amikacin. Imi-
penem is preferred to cefoxitin because M. chelonae isolates are
uniformly resistant to cefoxitin (359, 360, 364).

The only clinical treatment trial for M. chelonae skin disease,
as a manifestation of disseminated M. chelonae infection, used
clarithromycin alone. Of patients (all adults) treated with mono-
therapy at 500 mg twice a day for 6 months, all were cured
except for one patient (8%) who relapsed with an isolate that
developed mutational resistance to clarithromycin (356).

For serious skin, bone, and soft tissue disease, a minimum
of 4 months of a combination drug therapy (at least initially to
minimize the risk of macrolide resistance) is necessary to provide
a high likelihood of cure. For bone infections, 6 months of ther-
apy is recommended (354). Surgery is generally indicated with
extensive disease, abscess formation, or where drug therapy is
difficult. Removal of foreign bodies, such as breast implants
and percutaneous catheters, is important, or even essential, to
recovery.

For corneal infections, first-line treatment often involves topi-
cal and oral agents. Amikacin, fluoroquinolones, clarithromycin,
and azithromycin are usually drugs of choice, depending on the
in vitro susceptibility of the organism recovered from the infected
tissue. The outcome for vision of such infections is typically

poor, and many patients require corneal transplant for recovery
of vision or for infection cure (231).

The optimal therapy for M. chelonae lung disease is unknown.
On the basis of in vitro susceptibilitites, a regimen including
clarithromycin with a second agent (on the basis of in vitro
susceptibilities) would likely be successful with a treatment dura-
tion that includes 12 months of negative sputum cultures.

M. fortuitum (RGM)

The organism. Historically, the M. fortuitum group has included
three species/taxa: M. fortuitum, M. peregrinum, and an unnamed
third biovariant complex. Recently, additional species, including
M. houstonense and M. boenickei and others, have been de-
scribed with this group of organisms. Other established species,
including M. mageritense and M. senegalense, have been pro-
posed as members of this group. Separation of these species can
only be accomplished by molecular testing.

Clinical presentation. Pulmonary disease due to M. fortuitum
is clinically similar to lung disease caused by M. abscessus (32).
Although M. abscessus is responsible for most lung disease
caused by RGM, an important exception is the small group
of patients who have gastroesophageal disorders with chronic
vomiting and RGM lung disease, in whom M. abscessus and M.
fortuitum occur with equal frequency (32). Other than in this
specific setting, M. fortuitum lung disease is rare.

Skin, bone, and soft tissue are important sites of M. fortuitum
infections as with other RGM. Recently, whirlpool footbaths
commonly used during pedicure procedures in nail salons have
been identified as a source of both sporadic and clustered out-
breaks of furunculosis associated with M. fortuitum and other
RGM (241-243). M. fortuitum nail salon furunculosis in most
women either healed spontaneously or with oral antibiotic ther-
apy, although disease lasted in most patients typically from
several months to a year; one initially untreated person had
lymphatic dissemination of disease that eventually required anti-
biotic therapy (241-243).

Treatment. M. fortuitum isolates are usually susceptible to
multiple oral antimicrobial agents, including the newer macro-
lides and quinolones, doxycycline and minocycline, and sulfon-
amides (359-361). Isolates are susceptible to amikacin (100%6),
ciprofloxacin and ofloxacin (100%b), sulfonamides (100%6), cefox-
itin (50%), imipenem (100%o), clarithromycin (80%0), and doxy-
cycline (50%). Recent studies have shown that all isolates
of M. fortuitum and the related species M. smegmatis and
M. houstonense contain an inducible erythromycin methylase
erm (39) gene that confers resistance to the macrolides (62, 63).
Thus, despite the “susceptible” MICs seen in 80% of isolates
for clarithromycin, macrolides should be used with caution. Drug
susceptibilities for this species are important for guiding effective
therapy.

For M. fortuitum lung disease, therapy with at least two agents
with in vitro activity against the clinical isolate should be given
for at least 12 months of negative sputum cultures. The optimal
choice of agents is unknown, and would likely be dictated by
patient tolerance; however, any two-drug combination based on
in vitro susceptibility should be successful.

For serious skin, bone, and soft tissue M fortuitum disease,
a minimum of 4 months of therapy with at least two agents with
in vitro activity against the clinical isolate is necessary to provide
a high likelihood of cure. For bone infections, 6 months of ther-
apy is recommended (173). Surgery is generally indicated with
extensive disease, abscess formation, or where drug therapy is
difficult. Removal of foreign bodies, such as breast implants and
percutaneous catheters, is important, and probably essential to
recovery.
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a standard 6-month TB regimen including INH, rifampin, and
pyrazinamide (425).

Therapy with combination antituberculous medication based
on in vitro susceptibilities for 4 to 6 months should be successful
for extrapulmonary M. szulgai disease.

M. terrae (complex)

The organism. M. terrae complex is currently composed of multi-
ple species including M. terrae, M. triviale, M. nonchromogen-
icum, and M. hiberniae (5). Biochemically, the individual species
within the complex have been difficult to distinguish and HPLC
alone is not always adequate for identification of most isolates
to the species level. Differentiation of the species usually requires
molecular techniques so that most clinical laboratories still refer
to the collective designation, M. terrae complex. Moreover, most
of the isolates of this complex have previously been presumed
to be nonpathogenic so that little attention has been focused on
this group of organisms (429).

Clinical presentation. The one setting where M. terrae complex
is generally accepted as a pathogen is chronic tenosynovitis of
the hand. Ridderhof and colleagues reported six cases of
M. nonchromogenicum, identified by HPLC, in patients with
tenosynovitis (430). From this report, the authors concluded that
M. nonchromogenicum was the primary pathogen in the
M. terrae complex. However, more modern (molecular) methods
have not been used to confirm this hypothesis, and separation
of the species members by HPLC is difficult.

A review of 54 cases of the M. terrae complex disease was
recently published (435). Of the cases cited, 59% involved teno-
synovitis, and 26% were associated with pulmonary disease.
Underlying medical problems were absent or not reported in
72% of the cases. One-half of the patients with tenosynovitis
were treated with local or systemic corticosteroid and only one-
half of the patients who were followed for 6 months showed clinical
improvement. The other half of the patients required extensive
debridement, and surgical intervention or amputation (431).

Some reports have also indicated potential pathogenicity of
this organism for the lung. In 1983, a case of localized cavitary
disease in the lung with multiple isolations of M. terrae complex
in a patient with a diagnosis of pulmonary TB was described
(432). Later, in 1991, a case of pulmonary M. terrae complex
in a patient who had undergone an autologous bone marrow
transplant and high-dose chemotherapy was described (433). An
isolate of M. terrae complex in a patient with persistent urinary
tract infections was also reported (434).

Treatment. The optimum antimicrobial therapy for M. terrae
complex has not been established, although some investigators
suggest the use of a macrolide plus ethambutol or other agent
based on in vitro susceptibility results (431). In one report, all
six of the isolates from a single center and 90% or more of an
additional 22 isolates of M. terrae complex were susceptible to
ciprofloxacin and sulfonamides. Recently, 11 isolates of M. terrae
complex were also shown to be susceptible to linezolid (435).

M. ulcerans

The organism. M. ulcerans may require up to 6 to 12 weeks to
grow at temperatures of 25° to 33°C. Many conventional decontami-
nation methods may render the organism nonviable. Supplementa-
tion of media with egg yolk or reduction of oxygen tension enhances
the recovery of this species. Molecular techniques have been devel-
oped that may lead to more rapid identification of the organism.

Epidemiology. M. ulcerans is not endemic in the United States
but occurs in discrete but widely dispersed geographic areas
in the watersheds of tropical rain forests, primarily in Africa,
Southeast Asia, Australia, and South and Central America (436,
437). On a worldwide scale, M. ulcerans is now the third most

prevalent mycobacterial species, after M. tuberculosis and
M. leprae, in immunocompetent individuals (436).

Clinical presentation. M. ulcerans causes indolent, progressive
necrotic lesions of the skin and underlying tissue with indetermi-
nate scalloped edges known historically as “buruli ulcers” (87,
88, 438). Infection is believed to occur through abraded or com-
promised skin after contact with contaminated water or soil.
The lesions occur most commonly in children and young adults
and often result in severe scarring and deformities of the extremi-
ties (88).

Treatment. Medical treatment of large established ulcers is
disappointing (436). Preulcerative lesions are often painless and
can be treated effectively by excision and primary closure, rifam-
pin monotherapy, or heat therapy. Postsurgical antimycobacte-
rial treatment may prevent relapse or metastasis of infections.
Most antimycobacterial agents are ineffective for the treatment
of the ulcer. Clarithromyicn and rifampin may be the best choice
for controlling complications of the ulcer. Drug treatment of the
disease has been disappointing; surgical debridement combined
with skin grafting is the usual treatment of choice (436).

M. xenopi

The organism. M. xenopi is an obligate thermophile with an opti-
mum growth temperature of 45°C (see LABORATORY PROCEDURES).

Epidemiology. M. xenopi has been isolated from environ-
mental water and soil, tap-water systems, and showerheads
(439-441). Recovery from hot-water taps has been noted in areas
that frequently recover M. xenopi, and suggests a likely source
for contamination of clinical specimens during collection or labo-
ratory processing (440-442). Colonization of the hot-water tank
of an automated disinfection machine by M. xenopi resulted in
a pseudoepidemic of infection with this organism by contamina-
tion of fiberoptic bronchoscopes (225).

Clusters of hospital isolates have been reported from the
United States, the United Kingdom, and in other areas in
Europe. In two studies, the clinical isolates and hospital-water
isolates were shown to be identical by DNA genotyping (440,
441). It has been speculated that the organism enters the hospital
from municipal water mains, then multiplies in the hospital heat-
ing tanks where the temperature is 43° to 45°C, the optimal
temperature for growth of this organism (442).

Clinical presentation. M. xenopi is second to MAC as a cause
of NTM lung disease in areas of Canada, the United Kingdom,
and other areas of Europe (2). M. xenopi is infrequently isolated
in the United States, although pulmonary infections caused by
this organism have been recognized in patients residing in the
northeastern and, more recently, the southeastern United States.
The organism has also been reported from Japan and Israel.

M. xenopi lung disease typically occurs in patients with ob-
structive pulmonary disease. Symptoms from M. xenopi pul-
monary infection are typical of NTM pulmonary disease and
insidious in onset. The radiographic appearance of M. xenopi
pulmonary infection is usually an apical cavitary process, al-
though most patients develop minimal disease. Lymphadenopa-
thy and pleural effusions are rare roentgenographic findings.

Extrapulmonary cases are rare but have been reported. Noso-
comial spinal infections caused by M. xenopi have also been
reported as the result of tap water contamination of surgical
instruments (451). Joint and soft tissue infections have also been
reported (440, 442).

Treatment. The optimal treatment regimen and duration of
treatment for M. xenopi pulmonary disease have not been estab-
lished. In addition, the response of this organism to therapy is
variable and does not always correlate well with the results of
in vitro susceptibility. Susceptibility testing of M. xenopi can be
difficult to interpret. Some reports have shown the isolates to
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be susceptible to most first-line antituberculous agents; however,
some isolates have been reported to have variable resistance to
rifampin, ethambutol, and low levels of INH. The cornerstone
of therapy for M. xenopi is a combination of clarithromycin,
rifampin, and ethambutol. Therapy should be continued until
the patient has maintained negative sputum cultures while on
therapy for 12 months. It has been observed that sputum conversion
occurs readily, but relapse rates are high even with macrolide-
containing regimens. Surgical resection of the affected lung may
be appropriate in selected patients who have sufficient lung
function and fail to respond to chemotherapy.

Therapeutic response may be enhanced with the addition of
quinolones and clarithromycin to the standard antituberculous
therapy (443-446). A reasonable regimen might consist of INH,
rifabutin or rifampin, ethambutol, and clarithromycin, with or
without an initial course of streptomycin. A quinolone, prefera-
bly the 8-methoxy quinolone moxifloxacin, could be substituted
for one of the antituberculous drugs.

In one previous report, the mortality rate from M. xenopi
pulmonary infection was 57%, possibly reflecting severe underly-
ing pulmonary disease (445).

Therapy for extrapulmonary disease would include the same
agents as for pulmonary disease. Surgical debridement is also
frequently important for soft tissue infections.

Other NTM Species/Pathogens
For other NTM species and pathogens, see the online supplement.

RESEARCH AGENDA FOR NTM DISEASE

More fundamental information is needed to improve under-
standing in essentially all areas of NTM disease. There is little
information about the incidence or prevalence of NTM diseases.
There are multiple reasons for a lack of progress in this area but
the major problems remain that NTM diseases occur sporadically
and are not reportable to state public health authorities. Perhaps
the highest priority and one that would facilitate most of the
other NTM research questions and goals is a mechanism for
reporting or collecting data on all patients diagnosed with NTM
diseases. Important issues to be answered include prevalence
and incidence rates, including geographic differences in those
rates, and potential risk factors. A national effort, perhaps spear-
headed by the CDC or National Institutes of Health will be
necessary to answer the important questions about the epidemi-
ology of NTM diseases. Recognition of NTM as an “emerging
pathogen” would perhaps elevate NTM as a priority for funding.

With better understanding of disease epidemiology, clues will
likely emerge that will also direct research in NTM disease patho-
genesis. Through identification and evaluation of mutations and
polymorphisms in components of the IFN-y/IL-12 synthesis and
response pathways, we have gained a better understanding of
the mechanisms and risk factors influencing the development of
mycobacterial disease. Although significant progress has been
made in understanding NTM disease pathogenesis in some nar-
row areas of immune dysfunction, the role of immune factors
in disease development for most patients with NTM disease
remains to be elucidated. However, greater awareness of factors
at the molecular level, such as mutations and polymorphisms,
and at the morphologic level, such as the roles of sex and chest
shape, will gradually improve our understanding of susceptibility
to mycobacterial diseases of individual patients. An animal
model of NTM disease, other than disseminated MAC disease,
would also likely accelerate our understanding of NTM disease
pathogenesis.

As important as identifying predisposing factors for NTM
disease is identifying the source(s) of infection both for newly
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infected and for reinfected patients. Investigation of nosocomial
infections is beginning to provide clues about the acquisition of
NTM infection in selected vulnerable patients. Although NTM
exposure appears to be ubiquitous, it may be possible to identify
a role for disease avoidance and prevention for at least some
patients with NTM lung disease, perhaps those identified with
predisposing immune-related susceptibility.

A rapidly emerging area of NTM disease is in the area of
CF. Understanding of the natural history of NTM infection in
this setting and how it affects the progression of bronchiectasis
and CF disease, how and if patients respond to drug treatment
for NTM, and the role of measuring serum drug levels for de-
termining optimal drug dosages are important questions that
remain unanswered. M. abscessus is perhaps the most virulent
NTM pathogen in CF, and as with other CF pathogens, the
source of infection for these patients also remains unknown.

Advances are needed in the treatment of virtually all NTM
infections but the chronicity and indolence of NTM pulmonary
disease make clinical trials expensive and difficult. Nevertheless,
multicenter, controlled trials are desperately needed for answer-
ing the many important questions about optimal therapy that
remain unanswered. In contrast to TB, basic information, such
as the efficacy of many individual agents in the treatment of
NTM disease, is not available. There is a need for a disease
treatment model that will allow agents to be tested without
significantly long monotherapy exposure. As noted above, an
animal model for evaluating drugs in NTM diseases other than
disseminated diseases would also likely accelerate drug develop-
ment and evaluation. New antimicrobial agents are urgently
needed to shorten or simplify therapy, provide more effective
therapy, and diminish drug side effects. With the recent unprece-
dented introduction of several promising agents for the
treatment of TB, there is some hope that there will be collateral
benefit for the therapy of NTM disease as well (447). In the
laboratory, identifying MICs that predict clinical outcome, espe-
cially for MAC, whether for individual drugs or combinations of
drugs, would greatly facilitate the treatment of these patients. The
identification of specific immune defect(s) might prove the essential
element for the development of new therapeutic approaches.

Interest in developing new drugs with mycobacterial disease
activity is limited by the lack of economic return for these rela-
tively rare diseases. The cost/benefit considerations may be more
difficult than with a communicable disease threat such as TB.
Perhaps recognition of NTM infections in populations such as
CF or, even more importantly, as an expanding public health
problem will spur further development of new treatment ap-
proaches and stimulate the release of funds for multicenter stud-
ies and trials.

SUMMARY OF RECOMMENDATIONS

The recommendations are rated on the basis of a system developed
by the U.S. Public Health Service and the IDSA (3). The rating
system includes a letter indicating the strength of the recommenda-
tion, and a roman numeral indicating the quality of the evidence
supporting the recommendation (3) (Table 1). Ratings pertain to
all points within the numbered recommendation.

Laboratory Procedures

Collection, digestion, staining, decontamination, and culturing
of specimens.

Recommendations:

1. As much material as possible for NTM culture should be
provided with clear instructions to the laboratory to cul-
ture for mycobacteria (C, I11).
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2.

5.
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All cultures for NTM should include both a rapid detection
broth (liquid) media technique and solid media cultures
(C, ).

. Quantitation of the number of colonies on plated culture

media should be performed to aid clinical diagnosis (C, I1I).

. Supplemented culture media and special culture condi-

tions (lower incubation temperatures) should be used for
material cultured from skin lesions, joints, and bone
(A TDD).

The time (in days) to detection of mycobacterial growth
should be stated on the laboratory report (C, I11).

NTM identification.

Recommendations:

1.

Clinically significant NTM isolates should be routinely
identified to the species level. An important exception is
MAC because the differentiation between M. avium and
M. intracellulare is not yet clinically significant. Although
not routinely recommended, this differentiation may be
important epidemiologically and, in the future, therapeuti-
cally (C, HI).

. The RGM (especially M. chelonae, M. abscessus, and

M. fortuitum) should be identified to species level using
a recognized acceptable methodology, such as PRA or
biochemical testing, not HPLC alone (A, II).

. Susceptibility of RGM for eight agents, including ami-

kacin, cefoxitin, clarithromycin, ciprofloxacin, doxycy-
cline, linezolid, sulfamethoxazole, and tobramycin, can
also be used to facilitate identification of M. abscessus,
M. chelonae, and M. fortuitum (C, 111).

. Communication between the clinician and laboratorian is

essential for determining the importance and extent of the
identification analysis for a clinical NTM isolate (C, 111).

Antimicrobial susceptibility testing.

Recommendations:

1.

Clarithromycin susceptibility testing is recommended for
new, previously untreated MAC isolates. Clarithromycin
is recommended as the “class agent” for testing of the
newer macrolides because clarithromycin and azithro-
mycin share cross-resistance and susceptibility. No other
drugs are recommended for susceptibility testing of new,
previously untreated MAC isolates. There is no recognized
value for testing of first-line antituberculous agents with
MAC using current methodology (A, 11).

. Clarithromycin susceptibility testing should be performed

for MAC isolates from patients who fail macrolide treat-
ment or prophylaxis regimens (A, I1).

. Previously untreated M. kansasii strains should be tested

in vitro only to rifampin. Isolates of M. kansasii that show
susceptibility to rifampin will also be susceptible to rifa-
butin (A, II).

. M. kansasii isolates resistant to rifampin, should be tested

against a panel of secondary agents, including rifabutin,
ethambutol, isoniazid, clarithromycin, fluorquinolones,
amikacin, and sulfonamides (A, II).

. M. marinum isolates do not require susceptibility testing

unless the patient fails treatment after several months
(A, ).

. There are no current recommendations for one specific

method of in vitro susceptibility testing for fastidious NTM

species and some less commonly isolated NTM species (C,
).

7. Validation and quality control should be in place for sus-

ceptibility testing of antimicrobial agents with all species
of NTM (C, ).

Clinical presentations and diagnostic criteria.
Recommendations:
1. The minimum evaluation of a patient suspected of NTM

lung disease should include (1) chest radiograph or, in the
absence of cavitation, chest HRCT scan; (2) three or more
sputum specimens for AFB analysis; and (3) exclusion of
other disorders, such as TB and lung malignancy. In most
patients, a diagnosis can be made without bronchoscopy
or lung biopsy (A, I1).

. Disease caused by M. tuberculosis is often in the differen-

tial diagnosis for patients with NTM lung disease. Empiric
therapy for TB, especially with positive AFB smears and
results of nucleic acid amplification testing, may be neces-
sary pending confirmation of the diagnosis of NTM lung
disease (C, III).

. See Table 3 for diagnostic criteria of nontuberculous myco-

bacterial lung disease.

Cystic Fibrosis
Recommendations:
1. Adult and adolescent patients with CF should have peri-

odic, at least yearly, screening cultures for NTM. During
periods of clinical decline unresponsive to treatment for
non-NTM pathogens, all patients with CF, including chil-
dren, should be evaluated for NTM (A, 11)

. Patients being considered for macrolide monotherapy as

immunotherapy for CF should have sputum cultured for
NTM before starting therapy and periodically thereafter,
and those with repeated isolation of NTM should not re-
ceive macrolide monotherapy (C, IlI).

. The diagnostic criteria and treatment regimens for NTM

pulmonary infection in patients with CF are the same as for
patients without CF, although they may be more difficult
to apply because of underlying disease and concomitant
infections (C, 11).

Hypersensitivity-like Disease
Recommendations:
1. For indoor pools and hot tubs, manufacturers universally

recommend following regular maintenance procedures
(including draining and thorough cleaning of the tub and
filtering system) and bathing before hot-tub use (C, III).

. For any patient with documented hypersensitivity pneu-

monitis (hot-tub lung)-related disease, complete avoid-
ance of mycobacterial antigen is paramount. For hot-tub
lung, avoidance of MAC antigen, including avoidance of
indoor hot-tub use, and for metal grinders, avoidance of
M. immunogenum antigen, including avoidance of metal-
working fluid, is recommended (A, I11).

. Patients with severe disease or respiratory failure should

receive prednisone at 1 to 2 mg/kg/day tapered over 4 to
8 weeks (C, ).

. For immunocompromised patients, patients with persis-

tent disease after removal from MAC antigen exposure
(with or without corticosteroids) or patients with bronchi-
ectasis, begin antimicrobial drugs with activity against
MAC as recommended elsewhere in this document, with
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consideration given to shorter (3-6 mo) duration of ther-
apy (C, II).

Health Care— and Hygiene-associated Disease and
Disease Prevention

Recommendations:

1. Prevention of health care-associated NTM outbreaks and
pseudo-outbreaks:

a. Intravenous catheters: Patients with indwelling central
catheters, especially bone marrow transplant recipients,
should avoid contact or contamination of their catheter
with tap water (B, II).

b. Fiberoptic endoscopes: The use of tap water should be
avoided in automated endoscopic washing machines as
well as in manual cleaning. The instruments should
have a terminal alcohol rinse. The reader should consult
the “Association for Professionals in Infection Control
(APIC) Guidelines for Infection Prevention and Con-
trol in Flexible Endoscopy” at www.apic.org for a de-
tailed discussion of cleaning and disinfection of endo-
scopic equipment (A, II).

c. Local injections: Avoid benzalkonium chloride (e.g.,
Zephiran) as a skin disinfectant as it allows growth
of mycobacteria such as M. abscessus. Avoid use of
multidose vials (A, 11).

d. Recognize and avoid the risk of alternative medicine
practices that provide injections of unknown or unap-
proved substances (C, 111).

e. Surgery: (1) Do not use tap water and/or ice prepared
from tap water in the operating room, especially during
cardiac surgery or augmentation mammoplasty (A, I1).
(2) Do not wash or contaminate open wounds with
tap water (A, 11). (3) Outpatient facilities performing
plastic surgery procedures such as liposuction or aug-
mentation mammoplasty must carefully follow recom-
mended sterilization guidelines (C, I11).

f. Sputum collection: Do not allow a patient to drink or
rinse the mouth with tap water before collecting an
expectorated specimen (C, I11).

2. Recognition of outbreaks: Be familiar with the settings
for health care-associated outbreaks and pseudo-out-
breaks and the organisms (usually RGM) most fre-
quently involved, and intervene as soon as possible to
interrupt this transmission (C, I11).

NTM Species: Clinical Aspects and Treatment Guidelines
Context and General Recommendations:

1. NTM are uncommonly encountered clinical pathogens;
some species, in fact, are much more likely to be isolated
as a result of specimen contamination than as a result of
disease. However, even these species can, under some
circumstances, cause clinical disease. The clinician, there-
fore, must always know the context in which an NTM
isolate was obtained to assess accurately the clinical sig-
nificance of that isolate. When questions about the clinical
significance of an NTM isolate arise, expert consultation
is strongly encouraged (C, III).

2. Treatment recommendations for infrequently encoun-
tered NTM are made on the basis of only a few reported
cases. With that limitation in mind, unless otherwise stated,
the duration of therapy for most pulmonary NTM patho-
gens is based on treatment recommendations for more
frequently encountered species such as MAC and M. kan-

405

sasii (e.g., 12 mo of negative sputum cultures while on
therapy). For disseminated disease, treatment duration for
most NTM pathogens is the same as for disseminated MAC
infection (C, III).

. The treatment of NTM disease is generally not directly

analogous to the treatment of TB. In vitro susceptibilities
for many NTM do not correlate well with clinical response
to antimycobacterial drugs. Recommendations for routine
in vitro susceptibility testing of NTM isolates are limited
(see LABORATORY PROCEDURES). The clinician should use
in vitro susceptibility data with an appreciation for its limi-
tations. See an expanded discussion of in vitro susceptibilit-
ies in LABORATORY PROCEDURES (B, 11).

. Empiric therapy for suspected NTM lung disease is not

recommended (C, I11).

. There are no widely accepted criteria for choosing patients

with NTM lung disease for resectional surgery. In general,
the more difficult an NTM pathogen is to treat medically,
the more likely surgery should be considered from a risk/
benefit perspective. Expert consultation is strongly encour-
aged (C, III).

MAC Lung Disease

Recommendations:

1.

The recommended initial regimen for most patients with
nodular/bronchiectatic MAC lung disease is a three-times-
weekly regimen including clarithromycin 1,000 mg or
azithromycin 500 mg, ethambutol 25 mg/kg, and rifampin
600 mg administered three times per week (A, 11).

. The recommended initial regimen for fibrocavitary or se-

vere nodular/bronchiectatic MAC lung disease includes
clarithromycin 500-1,000 mg/day or azithromycin 250 mg/
day, ethambutol 15 mg/kg/day, and rifampin 10 mg/kg/day
(maximum, 600 mg). An initial 2 months of ethambutol
at 25 mg/kg/day is no longer recommended (A, II). Alter-
native treatment recommendations, including the use of
parenteral agents, are illustrated in Table 5 (B, II).

. Intermittent drug therapy is not recommended for patients

who have cavitary disease, patients who have been
previously treated, or for patients who have moderate or
severe disease (C, Il1).

. The primary microbiologic goal of therapy is 12 months

of negative sputum cultures while on therapy; therefore,
sputum must be collected from patients for AFB examina-
tion throughout treatment (A, I1).

. Macrolides should not be used as montherapy for MAC

because of the risk for developing macrolide-resistant
MAC isolates (A, II).

. A macrolide with a single companion drug, ethambutol,

may be adequate for nodular/bronchiectatic MAC disease
but should not be used in patients with fibrocavitary dis-
ease because of the risk of emergence of macrolide resis-
tance (A, II).

. Patients respond best to MAC treatment regimens the first

time they are administered; therefore, it is very important
that patients receive recommended multidrug therapy the
first time they are treated for MAC lung disease (A, II).

. Expert consultation should be sought for patients who

have difficulty tolerating MAC treatment regimens or who
do not respond to therapy (C, I11).

See Tables 5, 6, and 7.
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Surgical Treatment For MAC Lung Disease
Recommendations

1. Surgical resection of limited (focal) disease in a patient
with adequate cardiopulmonary reserve to withstand par-
tial or complete lung resection can be successful in combi-
nation with multidrug treatment regimens for treating
MAC lung disease (B, II).

2. Surgical resection of a solitary pulmonary nodule due to
MAC is considered curative (C, IlI).

3. Mycobacterial lung disease surgery should be performed
in centers with expertise in both medical and surgical man-
agement of mycobacterial diseases (C, IlI).

M. kansasii
Recommendations

1. Patients should receive a daily regimen including rifampin
10 mg/kg/day (maximum, 600 mg), ethambutol 15 mg/kg/
day, isoniazid 5 mg/kg/day (maximum, 300 mg), and pyri-
doxine 50 mg/day (A, II). An initial 2 months of ethambu-
tol at 25 mg/kg/day is no longer recommended (A, I1).

2. Treatment duration for M. kansasii lung disease should
include 12 months of negative sputum cultures (A, I1).

3. For patients with rifampin-resistant M. kansasii disease,
a three-drug regimen is recommended based onin vitro
susceptibilities including clarithromycin or azithromycin,
moxi”oxacin, ethambutol, sulfamethoxazole, or strepto-
mycin (A, 11).

4. Patients undergoing therapy for M. kansasii lung disease
should have close clinical monitoring with frequent sputum
examinations for mycobacterial culture throughout therapy
(C, 1.

M. abscessus
Recommendations

1. The only predictably curative therapy of limited (focal)
M. abscessusdung disease is surgical resection of involved
lung combined with multidrug chemotherapy (A, I1).

2. Periodic administration of multidrug therapy, including a
macrolide and one or more parenteral agents (amikacin,
cefoxitin, or imipenem) or a combination of parenteral
agents over several months may help control symptoms
and progression of M. abscessudung disease (C, III).

This statement was prepared by anad hocsubcommittee of the
ATS Assembly on Microbiology, Tuberculosis, and Pulmonary
Infections.

Members of the subcommittee are as follows
Davip E. GriFriTH M.D. (Chair)
TiMOTHY AksamIT, M.D.

BarBARAA. BRowN-E LIOTT, M.S.
AnTONINO CATANZARO,M.D.
CHARLEDALEY M.D.

FRepGorbiN, M.D.

SteveNM. HoLLanp, M.D.
RoBerTHORSBURGH M.D.

GweN Huitt, M.D.

MicHAELF. labEMARCOM.D., M.P.H
MicHAELISEMAN M.D.
KENNETHOLIVIER M.D., M.P.H.
SrerpHENRUOSS, M.D.

C. ForpHAM VON REYN M.D.
RcHArRDJ. WALLACE R, M.D.
KevinWinTHROR M.D., M.P.H.

Conflict of Interest Statement: T.A. received $180,000 from 2001 to 2003 from
Intermune as a research grant for participating in a multicenter study. A.C. does
not have a financial relationship with a commercial entity that has an interest in
the subject of this manuscript. B.B.E. does not have a financial relationship with
a commercial entity that has an interest in the subject of this manuscript. C.L.D.
does not have a financial relationship with a commercial entity that has an interest
in the subject of this manuscript. F.G. does not have a financial relationship with
a commercial entity that has an interest in the subject of this manuscript. D.G.
does not have a financial relationship with a commercial entity that has an interest
in the subject of this manuscript. S.H. does not have a financial relationship with
a commercial entity that has an interest in the subject of this manuscript. C.R.H.
does not have a financial relationship with a commercial entity that has an interest
in the subject of this manuscript. G.H. does not have a financial relationship with
a commercial entity that has an interest in the subject of this manuscript. M.F.I.
does not have a financial relationship with a commercial entity that has an interest
in the subject of this manuscript. M.I. is a member of the Ortho-McNeill speakers
bureau; they have paid his speaker’s honoraria on an average of 3 times per year
($1,500 per lecture) over the past 3 years. K.O. does not have a financial relation-
ship with a commercial entity that has an interest in the subject of this manuscript.
S.R. does not have a financial relationship with a commercial entity that has an
interest in the subject of this manuscript. C.F.V.R. does not have a financial
relationship with a commercial entity that has an interest in the subject of this
manuscript. R.W. does not have a financial relationship with a commercial entity
that has an interest in the subject of this manuscript. K.L.W. does not have a
financial relationship with a commercial entity that has interest in the subject of
this manuscript.

Acknowledgment: The committee thanks Elisha Malanga, Monica Simeonova,
and Judy Corn of the American Thoracic Society for patient and excellent adminis-
trative support.

References

1. American Thoracic Society. Diagnosis and treatment of disease caused
by nontuberculous mycobacteria. Am Rev Respir Dis 1990;142:940...
953.

2. Wallace RJ Jr, Cook JL, Glassroth J, Grif‘th DE, Olivier KN, Gordin
F. American Thoracic Society statement: diagnosis and treatment of
disease caused by nontuberculous mycobacteriaAm J Respir Crit
Care Med 1997;156:S1...S25.

3. Gross PA, Barrett TL, Dellinger EP, Krause PJ, Martone WJ, McGowan
JE Jr, Sweet RL, Wenzel RP. Infectious Disease Society of America:
quality standards for infectious diseasesClin Infect Dis 1994;18:421.

4. McNabb AD, Eisler K, Adlie M, Amos M, Rodrigues G, Stephens WA,
Black I, Renton J. Assessment of partial sequencing of the
65-kilodalton heat shock protein gene (hsp65) for routine identi“ca-
tion of mycobacterium species isolated from clinical sources.J Clin
Microbiol 2004;42:3000...3011.

5. Tortoli E. Impact of genotypic studies on mycobacterial taxonomy: the
new mycobacteria of the 1990+sClin Microbiol Rev 2003;2:319...354.

6. Falkinham JO. Nontuberculous mycobacteria in the environment. Clin
Chest Med2002;23:520...551.

7. von Reyn CF, Waddell RD, Eaton T, Arbeit RD, Maslow JN, Barber
TW, Brindle RJ, Gilks CF, Lumio J, Lahdevirta J. et al. Isolation
of Mycobacterium avium complex from water in the United States,
Finland, Zaire, and Kenya. J Clin Microbiol 1993;1:3227...3230.

8. Meissner G, Anz W. Sources of Mycobacterium avium-complex infection
resulting in human disease.Am Rev Respir Dis 1977;116:1057...1064.

9. Ahrens PS, Giese B, Klausen J, Inglis NF. Two markers, 1IS90I-1S902
and p40 identi“ed by PCR and by using monoclonal antibodies in
Mycobacterium avium strains. J Clin Microbiol 1995;33:1049...1053.

10. Guerrero C, Bernasconi C, Burki D, Bodmer T, Telenti A. A novel
insertion element from Mycobacterium avium. 1S124.5is a speci“c
target for analysis of strain relatedness.J Clin Microbiol 1995;33:304...
307.

11. Tanaka E, Kimoto T, Matsumoto H, Tsuyuguchi K, Suzuki K, Nagai
S, Shimadzu M, Ishibatake H, Murayama T, Amitani R. Familial
pulmonary Mycobacterium avium complex disease Am J Respir Crit
Care Med 2000;161:1643...1647.

12. Olivier KN, Weber DJ, Wallace RJ Jr, Faiz AR, Lee JH, Zhang Y,
Brown-Elliot BA, Handler A, Wilson RW, Schechter MS, et al,;
Nontuberculous Mycobacteria in Cystic Fibrosis Study Group. Nontu-
berculous mycobacteria. |: multicenter prevalence study in cystic
“brosis. Am J Respir Crit Care Med 2003;167:828...834.

13. von Reyn CF, Arbeit RD, Horsburgh CR, et al. Sources of disseminated
Mycobacterium avium infection in AIDS. J Infect 2002;44:166...170.



American Thoracic Society Documents

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Fairchok MP, Rouse JH, Morris SL. Age-dependent humoral responses
of children to mycobacterial antigens. Clin Diagn Lab Immunol
1995;2:443...447.

von Reyn CF, Horsburgh CR, Olivier KN, Barnes PF, Waddell R,
Warren C, Tvaroha S, Jaeger AS, Lein AD, Alexander R, et al.
Skin test reactions to Mycobacterium tuberculosis puri“ed protein
derivative and Mycobacterium avium sensitin among health care
workers and medical students in the United States.Int J Tuberc Lung
Dis 2001;5:1122...1128.

Edwards LB, Acquaviva FA, Livesay VT, Cross FW, Palmer CE. An
atlas of sensitivity to tuberculin, PPD-B, and histoplasmin in the
United States. Am Rev Respir Dis 1969;99:1...132.

Horsburgh CR Jr. Epidemiology of Mycobacterium avium complex. In:
Korvick JA, Benson CA, editors. Mycobacterium avium complex
infection: progress in research and treatment. New York: Marcel
Dekker; 1996. pp. 1...22.

Good RC, Snider DE. Isolation of nontuberculous mycobacteria in the
United States. J Infect Dis 1980;146:829...833.

OeBrien RJ, Geiter LJ, Snider DE. The epidemiology of nontuberculous
mycobacterial diseases in the United States: results from a national
survey. Am Rev Respir Dis 1987;135:1007...1014.

Horsburgh CJ Jr, Selik RM. The epidemiology of disseminated nontu-
berculous mycobacterial infection in the acquired immunode®ciency
syndrome (AIDS). Am Rev Respir Dis 1989;139:4...7.

Ostroff S, Hutwagner L, Collin S. Mycobacterial species and drug resis-
tance patterns reported by state laboratories. The 93rd American
Society for Microbiology General Meeting, May 16, 1993, Atlanta,
GA. 1992. Abstract U-9, p. 170.

Centers for Disease Control and Prevention. Nontuberculous mycobac-
teria reported to the public health laboratory information system by
state public health laboratories: United States, 1993...1996. cdc.gov/
ncidod/dastlr/mycobacteriology.htm (no longer available) (accessed
July 1999).

Horsburgh CR Jr. Epidemiology of disease caused by nontuberculous
mycobacteria. Semin Respir Infect1996;11:244.

American Thoracic Society. Mycobacterioses and the acquired immuno-
de“ciency syndrome. Joint Position Paper of the American Thoracic
Society and the Centers for Disease Control. Am Rev Respir Dis
1987;136:492.

Dorman SE, Holland SM. Interferon-gamma and interleukin-12 pathway
defects and human diseaseCytokine Growth Factor Rev 2000;11:321.

Casanova JL, Abel L. Genetic dissection of immunity to mycobacteria:
the human model. Annu Rev Immunol 2002;20:581...620.

Iseman MD, Buschman DL, Ackerson LM. Pectus excavatum and scoli-
osis: thoracic anomalies associated with pulmonary disease caused
by Mycobacterium avium complex. Am Rev Respir Dis 1991;144:914.

Fulton SA, Johnsen JM, Wolf SF, Sieburth DS, Boom WH. Interleukin-
12 production by human monocytes infected with Mycobacterium
tuberculosis role of phagocytosis. Infect Immun 1996;64:2523.

Olivier KN, Weber DJ, Lee JH, Handler A, Tudor G, Molina PL,
Tomashefski J, Knowles MR; Nontuberculous Mycobacteria in Cystic
Fibrosis Study Group. Non-tuberculous mycobacteria. Il: nested-
cohort study of impact on cystic “brosis lung disease.Am J Respir
Crit Care Med 2003;167:835...840.

Witty LA, Tapson VF, Piantadosi CA. Isolation of mycobacteria in
patients with pulmonary alveolar proteinosis. Medicine (Baltimore)
1994;73:103.

Hadjiliadis D, Adlakha A, Prakash UB. Rapidly growing mycobacterial
lung infection in association with esophageal disorders.Mayo Clin
Proc 1999;74:45.

Grif‘th DE, Girard WM, Wallace RJ Jr. Clinical features of pulmonary
disease caused by rapidly growing mycobacteria: an analysis of 154
patients. Am Rev Respir Dis 1993;147:1271.

Ehrmantraut ME, Hillingoss DM, Chernick M, Steagall WK, Glasgow
CG, Anderson VL, Barnhart LA, Chaudhary PP, Lin JP, Kao PN,
et al. Pulmonary nontuberculous mycobacterium infections are highly
associated with mutations in CFTR [abstract]. Am J Respir Crit Care
Med 2003;167:A708.

Kaminska AM, Huitt GA, Fulton KE, Worthen GS, Iseman MD, Chan
ED. Prevalence of alpha-I-antitrypsin (AAT) mutations in 100 bron-
chiectatic patients with rapid-growing mycobacterial (RGM) infec-
tions [abstract]. Am J Respir Crit Care Med 2003;167:A708.

Kim JS, Tanaka N, Newell JD, Degroote MA, Fulton K, Huitt G, Lynch
DA. Nontuberculous mycobacterial infection: CT scan “ndings, geno-
type, and treatment responsivenessChest2005;128:3863...3869.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

47.

48.

49.

51.

52.

53.

54.

56.

57.

407

Prince DS, Peterson DD, Steiner RM, Gottlieb JE, Scott R, Israel HL,
Figueroa WG, Fish JE. Infection with  Mycobacterium avium complex
in patients without predisposing conditions. N Engl J Med 1989;321:863.

Huang JH, Kao PN, Adi V, Ruoss SJ. Mycobacterium avium-intracellulare
pulmonary infection in HIV-negative patients without pre-existing
lung disease: diagnostic and management limitationsChest1999;115:
1033...1040.

Wallace RJ Jr, Zhang Y, Brown BA, Dawson D, Murphy DT, Wilson
R, Grif‘th DE. Polyclonal Mycobacterium avium complex infections
in patients with nodular bronchiectasis. Am J Respir Crit Care Med
1998;158:1235...1244.

Keane J,et al. Tuberculosis associated with in"iximab, a tumor necrosis
factor alpha- neutralizing agent. N Engl J Med 2001;345:1098...1104.

Keane J. Tumor necrosis factor blockers and reactivation of latent
tuberculosis. Clin Infect Dis 2004:;39:300...302.

Wallis RS, Broder MS, Wong JY, Hanson ME, Beenhouwer DO. Granu-
lomatous infectious diseases associated with tumor necrosis factor
antagonists. Clin Infect Dis 2004;38:1261...1265.

National Committee for Clinical Laboratory Standards. Performance stan-
dards for antimicrobial susceptibility testing. Twelfth Informational Sup-
plement. Wayne, PA: NCCLS; 2002. Document No. M100-S12.

National Committee for Clinical Laboratory Standards. Susceptibility
testing of mycobacteria, nocardiae, and other aerobic actinomycetes.
Approved Standard. Wayne, PA: NCCLS; 2003. Document No.
M24-A.

Anderson C, Inhaber N, Menzies D. Comparison of sputum induction
with “ber-optic bronchoscopy in the diagnosis of tuberculosis. Am J
Respir Crit Care Med 1995;152:1570...1574.

Whittier S, Hopper RL, Knowles MR, Gilligan PH. Improved recovery
of mycobacteria from respiratory secretions of patients with cystic
“brosis. J Clin Microbiol 1993;31:861...864.

. Kent PT, Kubica GP. A guide for the level Il laboratory. In: Public

health mycobacteriology. Atlanta, GA: Centers for Disease Control,
U.S. Department of Health and Human Services; 1985.

Pfyffer GE, Brown-Elliott BA, Wallace RJ Jr. Mycobacterium: general
characteristics, isolation and staining procedures. In: Murray PR,
editor. Manual of clinical microbiology, 8th ed. Washington, DC:
ASM Press; 2003. pp. 532...559.

Vincent V, Brown-Elliott BA, Jost KC Jr, Wallace RJ Jr. Mycobacte-
rium phenotypic and genotypic identi“cation. In: Murray PR, editor.
Manual of clinical microbiology, 8th ed. Washington, DC: ASM Press;
2003. pp. 560...583.

Bange FC, Kirschner P, Bottger ED. Recovery of mycobacteria from
patients with cystic “brosis. J Clin Microbiol 1999;37:3761...3763.

. Wright PW, Wallace RJ Jr, Wright NW, Brown BA, Grif‘th DE. Sensi-

tivity of "uorochrome microscopy for detection of Mycobacterium
tuberculosisversus non-nontuberculous mycobacteria.J Clin Micro-
biol 1998;36:1046...1049.

Wallace RJ Jr, Zhang Y, Brown-Elliott BA, Yakrus MA, Wilson RW,
Mann L, Couch L, Girard WM, Grif“th DE. Repeat positive cultures
in Mycobacterium intracellulare lung disease after macrolide therapy
represent new infections in patients with nodular bronchiectasis.
J Infect Dis 2002;186:266...273.

Springer B, Stockman L, Teschner K, Roberts GD, Bottger EC. Two-
laboratory collaborative study on identi“cation of mycobacteria: mo-
lecular versus phenotypic methods.J Clin Microbiol 1996;34:29.

Jost KC, Dunbar DF, Barth SS, Headley VL, Elliott LB. Identi“cation
of Mycobacterium tuberculosisand Mycobacterium avium complex
directly from smear-positive sputum specimens and BACTEC 12B
cultures by high-performance liquid chromatography with "uores-
cence detection and computer-driven pattern recognition models.
J Clin Microbiol 1995;33:1270...1277.

Butler WR, Guthertz LS. Mycolic acid analysis by high performance
liquid chromatography for identi“cation of Mycobacterium species.
Clin Microbiol Rev 2001;14:704...726.

. SomosKuwi A, Hotaling JE, Fitzgerald M, Jonas V, Stasik D, Parsons

LM, Sal“nger M. False-positive results for Mycobacterium celatum
with the AccuProbe Mycobacterium tuberculosis complex assay.
J Clin Microbiol 2000;38:2743...2745.

Steingrube VA, Gibson JL, Brown BA, Zhang Y, Wilson RW,
Rajagopalan M, Wallace RJ Jr. PCR ampli“cation and restriction
endonuclease analysis of a 65-kilodalton heat shock protein gene
sequence for taxonomic separation of rapidly growing mycobacteria.
J Clin Microbiol 1995;33:149...153.

Plikaytis BB, Plikaytis BD, Yakrus MA, Butler WR, Woodley CL, Silcox
VA, Shinnick TM. Differentiation of slowly growing Mycobacterium
species, includingMycobacterium tuberculosis by gene ampli“cation



408

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

7.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 175 2007

and restriction fragment length polymorphism analysis. J Clin Micro-
biol 1992;30:1815-1822.

Telenti A, Marchesi F, Balz M, Bally F, Bottger EC, Bodmer T. Rapid
identification of mycobacteria to the species level by polymerase
chain reaction and restriction enzyme analysis. J Clin Microbiol
1993;31:175-178.

Taylor TB, Patterson C, Hale Y, Safranek WW. Routine use of PCR-
restriction fragment length polymorphism analysis for identification of
mycobacteria growing in liquid media. J Clin Microbiol 1997;35:79-85.

Kirschner P, Springer B, Vogel U, Meier A, Wrede A, Kiekenbeck M,
Bange FC, Bottger EC. Genotypic identification of mycobacteria by
nucleic acid sequence determination: report of a 2 year experience
in a clinical laboratory. J Clin Microbiol 1993;31:2882-2889.

Hall L, Doerr KA, Wohlfiel SL, Roberts GD. Evaluation of the Micro-
Seq system for identification of mycobacteria by 16S ribosomal DNA
sequencing and its integration into a routine clinical mycobacteriology
laboratory. J Clin Microbiol 2003;41:1447-1453.

Patel JB, Leonard DGB, Pan X, Musser JM, Berman RE, Nachamkin
1. Sequence-based identification of Mycobacterium species using the
MicroSeq 50016S rDNA bacterial identification system. J Clin Micro-
biol 2000;38:246-251.

Turenne CY, Tschetter L, Wolfe J, Kabani A. Necessity of quality-
controlled 16S rRNA gene sequence databases: identifying nontuber-
culous Mycobacterium species. J Clin Microbiol 2001;39:3637-3648.

Meier A, Kirschner P, Burkhardt S, Steingrube VA, Brown BA, Wallace
RJ Jr, Bottger E. ldentification of mutations in 23S rRNA gene
of clarithromycin-resistant Mycobacterium intracellulare. Antimicrob
Agents Chemother 1994,38:381-384.

Meier A, Heifets L, Wallace RJ Jr, Zhang Y, Brown BA, Sander P,
Bottger EC. Molecular mechanisms of clarithromycin resistance in
Mycobacterium avium: observation of multiple 23S rDNA mutations
in clonal population. J Infect Dis 1996;174:354-360.

Brown-Elliott BA, Crist CJ, Mann LB, Wilson RW, Wallace RJ Jr.
In vitro activity of linezolid against slowly growing nontuberculous
mycobacteria. Antimicrob Agents Chemother 2003;47:1736-1738.

Nannini EC, Keating M, Binstock P, Samonis G, Kontoyiannis DP.
Successful treatment of refractory disseminated Mycobacterium
avium complex infection with the addition of linezolid and meflo-
quine. J Infect 2002;44:201-203.

Ahn CH, Wallace RJ Jr, Steele LC, Murphy DT. Sulfonamide-
containing regimens for disease caused by rifampin-resistant
Mycobacterium kansasii. Am Rev Respir Dis 1987,135:10-16.

Aubry A, Jarlier V, Escolano S, Truffot-Pernot C, Cambau E. Antibiotic
susceptibility pattern of Mycobacterium marinum. Antimicrob Agents
Chemother 2000;44:3133-3136.

Brown BA, Wallace RJ Jr, Onyi G. Activities of clarithromycin against
eight slowly growing species of nontuberculous mycobacteria, deter-
mined by using a broth microdilution MIC system. Antimicrob Agents
Chemother 1992;36:1987-1990.

Woods GL, Bergmann JS, Witebsky FG, Fahle GA, Boulet B, Plaunt
M, Brown BA, Wallace RJ Jr, Wanger A. Multisite reproducibility
of E-test for susceptibility testing of Mycobacterium abscessus, Myco-
bacterium chelonae, and Mycobacterium fortuitum. J Clin Microbiol
2000;38:656-661.

Woods GL, Bergmann JS, Witebsky FG, Fahle GA, Wanger A, Boulet
B, Plaunt M, Brown BA, Wallace RJ Jr. Multisite reproducibility of
results obtained by the broth microdilution method for susceptibility
testing of Mycobacterium abscessus, Mycobacterium chelonae, and
Mycobacterium fortuitum. J Clin Microbiol 1999;37:1676-1682.

Knapp CC, Body BA, Brown-Elliott BA, Holliday N, Hall GS, Tuohy
MJ, Wilson D, Killian SB, Warshauer D, Wengenack N, et al. Myco-
bacterium peregrinum ATCC 700686 susceptibility testing: a multisite
evaluation to establish microbroth dilution quality contol (QC) ranges
for 5 antimicrobial agents [abstract C-020]. Abstr Annu Meet Am Soc
Microbiol 2005;104.

Nash KA, Zhang Y, Brown-Elliott BA, Wallace RJ Jr. Molecular basis
of intrinsic macrolide resistance in clinical isolates of Mycobacterium
fortuitum. J Antimicrob Chemother 2005;55:170-177.

Nash KA. Intrinsic macrolide resistance in Mycobacterium smegmatis
is conferred by a novel erm gene, erm (38). Antimicrob Agents Chemo-
ther 2003;47:3053-3060.

Saubolle MA, Kiehn TE, White MH, Rudinsky MF, Armstrong D.
Mycobacterium haemophilum: microbiology and expanding clinical
and geographic spectra of disease in humans. Clin Microbiol Rev
1996;9:435-447.

Cocito C, Gilot P, Coene M, De Kesel M, Poupart P, Vannuffel P.
Paratuberculosis. Clin Microbiol Rev 1994;7:328-345.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Coyle MB, Carlson LDC, Wallis CK, Leonard RB, Raisys VA, Kilburn
JO, Samadpour M, Bottger EC. Laboratory aspects of “Mycobacte-
rium genavense,” a proposed species isolated from AIDS patients.
J Clin Microbiol 1992;30:3206-3212.

Bosquée L, Bottger EC, De Beenhouwer H, Fonteyne PA, Hirschel B,
Larsson L, Meyers WM, Palomino JC, Realini L, Rigouts L, et al.
Cervical lymphadenitis caused by a fastidious mycobacterium closely
related to Mycobacterium genavense in an apparently immunocompe-
tent woman: diagnosis by culture-free microbiological methods. J Clin
Microbiol 1995;33:2670-2674.

Realini L, De Ridder K, Palomino JC, Hirschel B, Portaels F. Microaer-
ophilic conditions promote growth of Mycobacterium genavense.
J Clin Microbiol 1998;36:2565-2570.

Realini L, Van Der Stuyft P, De Ridder K, Hirschel B, Portaels F.
Inhibitory effects of polyoxyethylene stearate, PANTA, and neutral
pH on growth of Mycobacterium genavense in BACTEC primary
cultures. J Clin Microbiol 1997;35:2791-2794.

Palomino JC, Portaels F. Effects of decontamination methods and cul-
ture conditions on viability of Mycobacterium ulcerans in the BAC-
TEC system. J Clin Microbiol 1998;36:402-408.

Hector JS, Pang J, Mazurek GH, Zhang Y, Brown BA, Wallace RJ
Jr. Large restriction fragment patterns of genomic Mycobacterium
fortuitum: DNA as a strain specific markers and their use in epidemio-
logic investigation of four nosocomial outbreaks. J Clin Microbiol
1992;30:1250-1255.

Zhang Y, Yakrus MA, Graviss EA, Williams-Bouyer N, Turenne C,
Kabani A, Wallace RJ Jr. Pulsed-field gel electrophoresis study of
Mycobacterium abscessus isolates previously affected by DNA degra-
dation. J Clin Microbiol 2004;42:5582-5587.

Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE,
Persing DH, Swaminathan B. Interpreting chromosomal DNA re-
striction patterns produced by pulsed-field gel electrophoresis: criteria
for bacterial strain typing. J Clin Microbiol 1995;33:2233-2239.

Burns DN, Wallace RJ Jr, Schultz ME, Zhang Y, Zubairi SQ, Pang Y,
Gibert CL, Brown BA, Noel ES, Gordin FM. Nosocomial outbreak
of respiratory tract colonization with Mycobacterium fortuitum: dem-
onstration of the usefulness of pulsed-field electrophoresis in an epi-
demiologic investigation. Am Rev Respir Dis 1991;144:1153-1159.

Falkinham J. Epidemiology of infection by nontuberculous mycobac-
teria. Clin Microbiol Rev 1996;9:177-215.

Wolinsky E. State of the art: nontuberculous mycobacteria and associ-
ated diseases. Am Rev Respir Dis 1979;110:107-I 59.

Evans AJ, Crisp AJ, Hubbard RB, Colville A, Evans SA, Johnston
IDA. Pulmonary Mycobacterium kansasii infection: comparison of
radiological appearances with pulmonary tuberculosis. Thorax 1996;
51:1243-1247.

Hartman TE, Swensen SJ, Williams DE. Mycobacterium avium-
intracellulare complex: evaluation with CT. Radiology 1973;17:23-26.

Primack SL, Logan PM, Hartman TE, Lee KS, Muller NL. Pulmonary
tuberculosis and Mycobacterium avium-intracellulare: a comparison
of CT findings. Radiology 1905;194:413-417.

Moore EH. Atypical mycobacterial infection in the lung: CT appear-
ance. Radiology 1993;17:777-782.

Patz EF, Swensen SJ, Erasmus J. Pulmonary manifestation of nontuber-
culous mycobacteria. Radiol Clin North Am 1995;33:719-729.

Jeong YJ, Lee KS, Koh WJ, Han J, Kim TS, Kwon OJ. Nontuberculous
mycobacterial pulmonary infection in immunocompetent patients:
comparison of thin-section CT and histopathologic findings. Radiol-
ogy 2004;231:880-886.

Griffith DE, Brown-Elliott BA, Wallace RJ Jr. Thrice-weekly clarithro-
mycin-containing regimen for treatment of Mycobacterium kansasii
lung disease: results of a preliminary study. Clin Infect Dis 2003;37:
1178-1182.

Tsukamura M. Diagnosis of disease caused by Mycobacterium avium
complex. Chest 1991;99:667-669.

Sugihara E, Hirota N, Niizeki T, Tanaka R, Nagafuchi M, Koyanagi T,
Ono N, Rikimaru T, Aizawa H. Usefulness of bronchial lavage
for the diagnosis of pulmonary disease caused by Mycobacterium
avium-intracellulare complex (MC) infection. J Infect Chemother
2003;9:328-332.

van Crevel R, de Lange WC, Vanderpuye NA, van Sooingen D, Hoog-
kame-Korstanje JA, van Deuren KM, Kullberg BJ, van Herwaarden
C, van der Meer JW. The impact of nontuberculous mycobacteria
on management of presumed pulmonary tuberculosis. Infection 2001,
29:59-63.



American Thoracic Society Documents

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Somoskovi A, Mester J, Hale YM, Parsons LM, Salfinger M. Laboratory
diagnosis of nontuberculous mycobacteria. Clin Chest Med 2002;23:
585-597.

von Reyn CF, Williams DE, Horsburgh CR, Jaeger AS, Marsh BJ,
Haslov K, Magnusson M. Dual skin testing with Mycobacterium
avium sensitin and purified protein derivative to discriminate pulmo-
nary disease due to Mycobacterium avium complex from pulmonary
disease due to Mycobacterium tuberculosis. J Infect Dis 1998;177:730—
736.

Corbett EL, Blumberg L, Churchyard GJ, Moloi N, Mallory K, Clayton
T, Williams BG, Chaisson RE, Hayes RJ, De Cock KM. Nontubercu-
lous mycobacteria: defining disease in a prospective cohort of South
African miners. Am J Respir Crit Care Med 1999;160:15-21.

Chin DP, Hopewell P, Stone EN, Nassos PS, Ostroff SM, et al. Mycobac-
terium avium complex in the respiratory or gastrointestinal tract and
the risk of Mycobacterium avium complex bacteremia in patients with
human immunodeficiency virus infection. J Infect Dis 1994;169:289—
295.

Olivier KN, Yankaskas JR, Knowles MR. Nontuberculous mycobacte-
rial pulmonary disease in cystic fibrosis. Semin Respir Infect 1996;11:
272-284.

Sermet-Gaudelus I, Le Bourgeois M, Pierre-Audiger C, et al. Mycobac-
terium abscessus and children with cystic fibrosis. Emerg Infect Dis
2003;9:1587-1591.

Chalermskularat W, Sood N, Neuringer IP, Hecker TM, Chang L,
Rivera MP, Paradowski LJ, Aris RM. Non-tubercuolous mycobac-
teria in end stage cystic fibrosis: implications for lung transplantation.
Thorax 2006;61:507-513.

Noone PG, Leigh MW, Sannuti A, et al. Primary ciliary dyskinesia:
diagnostic and phenotypic features. Am J Respir Crit Care Med 2004;
169:459-467.

Bange FC, Brown BA, Smaczny C, et al. Lack of transmission of Myco-
bacterium abscessus among patients with cystic fibrosis attending a
single clinic. Clin Infect Dis 2001;32:1648-1650.

Conger NG, O’Connell RJ, Laurel VL, et al. Mycobacterium simiae
pseudo-outbreak associated with a hospital water supply. Infect Con-
trol Hosp Epidemiol 2004;25:1050-1055.

Tanaka E, Amitani R, Niimi A, et al. Yield of computed tomography
and bronchoscopy for the diagnosis of Mycobacterium avium complex
pulmonary disease. Am J Respir Crit Care Med 1997;155:2041-2046.

Fujita J, Ohtsuki Y, Suemitsu I, er al. Pathological and radiological
changes in resected lung specimens in Mycobacterium avium intracel-
lulare complex disease. Eur Respir J 1999;13:535-540.

Hijelte L, Petrini B, Kallenius G, et al. Prospective study of mycobacterial
infections in patients with cystic fibrosis. Thorax 1990;45:397-400.
Olivier A, Maiz L, Canton R, et al. Nontuberculous mycobacteria in

patients with cystic fibrosis. Clin Infect Dis 2001;32:1298-1303.

Boxerbaum B. Isolation of rapidly growing mycobacteria in patients
with cystic fibrosis. J Pediatr 1980;96:689-691.

Efthimiou J, Smith MJ, Hodson ME, er al. Fatal pulmonary infection
with Mycobacterium fortuitum in cystic fibrosis. Br J Dis Chest 1984;
78:299-302.

Smith MJ, Efthimiou J, Hodson ME, et al. Mycobacterial isolations in
young adults with cystic fibrosis. Thorax 1984;39:369-375.

Kinney JS, Little BJ, Yolken RH, Rosenstein BJ. Mycobacterium avium
complex in a patient with cystic fibrosis: disease vs. colonization.
Pediatr Infect Dis J 1989;8:393-396.

Kilby JM, Gilligan PH, Yankaskas JR, et al. Nontuberculous mycobac-
teria in adult patients with cystic fibrosis. Chest 1992;102:70-75.

Tomashefski JF, Stern RC, Demko CA, et al. Nontuberculous mycobac-
teria in cystic fibrosis: an autopsy study. Am J Respir Crit Care Med
1996;154:523-528.

Fauroux B, Delaisi B, Clement A, et al. Mycobacterial lung disease in
cystic fibrosis: a prospective study. Pediatr Infect Dis J 1997;16:354—
358.

Cullen AR, Cannon CL, Mark EJ, et al. Mycobacterium abscessus infec-
tion in cystic fibrosis: colonization or infection? Am J Respir Crit Care
Med 2000;161:641-645.

Saiman L, Marshall BC, Mayer-Hamblett N, ef al. Azithromycin in
patients with cystic fibrosis chronically infected with Pseudomonas
aeruginosa: a randomized controlled trial. JAM A 2003;290:1749-1756.

Gilljam M, Berning SE, Peloquin CA, et al. Therapeutic drug monitoring
in patients with cystic fibrosis and mycobacterial disease. Eur Respir
J 1999;14:347-351.

Nelson KG, Griffith DE, Brown BA, e al. Results of operation in
Mycobacterium avium-intracellulare lung disease. Ann Thorac Surg
1998;66:325-330.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141

142.

143.

144,

145.

146.

147.

409

Hausler M, Frank E, Wendt G, et al. Pneumonectomy in CF. Pediatr
Pulmonol 1999;28:376-379.

Smith MB, Hardin WD, Dressel DA, et al. Predicting outcomes following
pulmonary resection in CF patients. J Pediatr Surg 1991;26:655-659.
Trulock EP, Bolman RM, Genton R. Pulmonary disease caused by
Mycobacterium chelonae in a heart-lung transplant recipient with

obliterative bronchiolitis. Am Rev Respir Dis 1989;140:802-805.

Sanguinetti M, Ardito F, Fiscarelli E, et al. Fatal pulmonary infection
due to multidrug-resistant Mycobacterium abscessus in a patient with
cystic fibrosis. J Clin Microbiol 2001;39:816-819.

Flume PA, Egan TM, Paradowski LJ, et al. Infectious complications of
lung transplantation: impact of cystic fibrosis. Am J Respir Crit Care
Med 1994;149:1601-1607.

Kesten S, Chaparro C. Mycobacterial infections in lung transplant recipi-
ents. Chest 1999;115:741-745.

Malouf MA, Glanville AR. The spectrum of mycobacterial infection
after lung transplantation. Am J Respir Crit Care Med 1999;160:1611—
1616.

Aksamit TR. Hot tub lung: infection, inflammation, or both? Semin
Respir Infect 2003;18:33-39.

Embil J, Warren P, Yakrus M, Stark R, Corne S, Forrest D, Hershfield E.
Pulmonary illness associated with exposure to Mycobacterium avium
complex in hot tub water. Chest 1997;111:813-816.

Kahana L, Kay M, Yakrus M, Waserman S. Mycobacterium avium
complex infection in an immunocompetent young adult related to
hot tub exposure. Chest 1997;111:242-245.

Grimes M, Cole T, Fowler A. Obstructive granulomatous bronchiolitis
due to Mycobacterium avium complex in an immunocompetent man.
Respiration (Herrlisheim) 2001;68:411-415.

Murphy R, Mark E. Weekly clinicopathological exercises: case 6, a 40-
year-old man with a cough, increasing dyspnea, and bilateral nodular
lung opacities. N Engl J Med 1996;334:521-526.

Mark E. Case records of the Massachusetts General Hospital: weekly
clinicopathologic exercises: case 27-2000, a 61-year-old with rapidly
progressive dyspnea. N Engl J Med 2000;343:642-649.

Marras TK, Wallace RJ Jr, Koth LL, Stulbarg MS. Hypersensitivity
pneumonitis reaction to Mycobacterium avium in household water.
Chest 2005;127:664-671.

Rose C, Martyny J, Huitt G, Iseman M. Hot tub associated granuloma-
tous lung disease from mycobacterial bioaerosols [abstract]. Am J
Respir Crit Care Med 2000;161:A730.

duMoulin G, Stottmeier K, Pelletier P, Tsang A, Hedley-Whyte J. Con-
centration of Mycobacterium avium by hospital hot water systems.
JAMA 1988;260:1599-1601.

Parker B, Ford M, Gruft H, Falkinham J. Epidemiology of infection
by nontuberculous mycobacteria: 1V. Preferential aerosolization of
Mycobacterium intracellulare from natural waters. Am Rev Respir
Dis 1983;128:652-656.

Pelletier P, duMoulin G, Stottmeier K. Mycobacteria in public water sup-
plies: comparative resistance to chlorine. Microbiol Sci 1988;5:147-148.

Bernstein DI, Lummus ZL, Santilli G, Siskosky J, Bernnstein IL.
Machine operator’s lung: a hypersensitivity pneumonitis disorder
associated with exposure to metalworking fluid aerosols. Chest 1995;
108:636-641.

Wilson RW, Steingrube VA, Bottger EC, Springer B, Brown-Elliot BA,
Vincent V, Jost KC, Zhang Y, Garcia NJ, Chin SH, et al. Mycobacte-
rium immunogenum sp, nov., a novel species related to Mycobacte-
rium abscessus and associated with clinical disease, pseudo-outbreaks
and contaminated metalworking fluids: an international cooperative
study on mycobacterial taxonomy. Int J Syst Evol Microbiol 2001,
51:1751-1764.

Howell JK, Lucke WE, Steigerwald JC. Metalworking fluids: composi-
tion and use. The Industrial Metal working Environment: Assessment
and Control (Symposium), November 13-16, 1995. Detroit, Ml:
Detroit Automobile Manufacturers Association; 1996. pp. 13-20.

Falkinham JO 111, George KL, Parker BC, Gruft H. In vitro susceptibil-
ity of human and environmental isolates of Mycobacterium avium,
Mycobacterium intracellulare, and Mycobacterium scrofulaceum to
heavy-metal salts and oxyanions. Antimicrob Agents Chemother
1984;25:137-139.

Shelton BG, Flanders WD, Morris GK. Mycobacterium sp, as a possible
cause of hypersensitivity pneumonitis in machine workers. Emerg
Infect Dis 1999;5:270-273.

Centers for Disease Control and Prevention. Biopsy-confirmed hyper-
sensitivity pneumonitis in automobile production workers exposed
to metalworking fluids—Michigan, 1994-1995. MMWR Morb Mortal
Wkly Rep 1996;45:606-610.



410

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 175 2007

Centers for Disease Control and Prevention. Respiratory illness in work-
ers exposed to metalworking fluid contaminated with nontuberculous
mycobacteria—Ohio, 2001. MMWR Morb Mortal Wkly Rep 2002;51:
349-352.

Khoor A, Leslie K, Tazelaar H, Helmers R, Colby T. Diffuse pulmonary
disease caused by nontuberculous mycobacteria in immunocompetent
people (hot tub lung). Am J Clin Pathol 2001;115:755-762.

Weinstock DM, Feinstein MB, Sepkowitz KA, Jakubowski A. High
rates of infection and colonization by nontuberculous mycobacteria
after allogeneic hematopoietic stem cell transplantation. Bone Mar-
row Transplant 2003;31:1015-1021.

Patel R, Roberts GD, Keating MR, Paya CV. Infections due to nontu-
berculous mycobacteria in kidney, heart and liver transplant recipi-
ents. Clin Infect Dis 1994;19:263-273.

Queipo JA, Broseta E, Santos M, Sanchez-Plumed J, Budia A, Jimenez-
Cruz F. Mycobacterial infection in a series of 1261 renal transplant
recipients. Clin Microbiol Infect 2003;9:518-525.

Novick RJ, Moreno-Cabral CE, Stinson EB, Oyer PE, Starnes VA,
Hunt SA, Shumway NE. Nontuberculous mycobacterial infections
in heart transplant recipients: a seventeen-year experience. J Heart
Transplant 1990;9:357-363.

Zakowski P, Fligiel S, Berlin OGW, Johnson BL Jr. Disseminated Myco-
bacterium avium-intracellulare infection in homosexual men dying of
acquired immunodeficiency. JAMA 1982;248:2980-2982.

Greene JB, Sidhu GS, Lewin S, Levine JF, Masur H, Simberkoff MS,
Nicholas P, Good RC, Zolla-Pazner SB, et al. Mycobacterium avium-
intracellulare a cause of disseminated life-threatening infection in
homosexuals and drug abusers. Ann Intern Med 1982;97:539-546.

Nightingale SD, Byrd LT, Southern PM, Jockusch JD, Cal SX, Wynne
BA. Incidence of Mycobacterium avium-intracellulare complex bac-
teremia in human immunodeficiency virus-positive patients. J Infect
Dis 1992;165:1082-1085.

Horsburgh CR Jr, Gettings J, Alexander LN, Lennox JL. Disseminated
Mycobacterium avium-complex disease among patients infected with
human immunodeficiency virus, 1985-2000. Clin Infect Dis 2001;33:
1938-1943.

French AL, Benator DA, Gordin FM. Nontuberculous mycobacterial
infections. Med Clin North Am 1997;81:361-379.

Horsburgh CR. Mycobacterium avium complex infection in the acquired
immuno-deficiency syndrome. N Engl J Med 1991;324:1332-1338.
Kiehn TE, White M. Mycobacterirum haemophilum: an emerging patho-

gen. Eur J Clin Microbiol Infect Dis 1994;13:925-931.

Lerner CW, Safdar Coppel S. Mycobacterium haemophilum infection
in AIDS. Infect Dis Clin Prac 1995;4:233-236.

Bottger EC. Mycobacterium genavense: an emerging pathogen. Eur J
Clin Microbiol Infect Dis 1904;13:932-936.

Butler WR, O’Connor SP, Yakrus MA, Smithwick RW, Plikaytis BB,
Moss CW, Floyd MM, Woodley CL, Kilburn JO, Vadney FS, et al.
Mycobacterium celatum sp. Int J Syst Bacteriol 1993;43:539-548.

Springer BE, Tortoli I, Richter R, Grunewald S, Rtisch-Gerdes K,
Uschmann F, Suter MD, Collins RM. Kroppenstedt, Bottger EC.
Mycobacterium conspicuum Sp. nov.: a new species isolated from patients
with disseminated infections. J Clin Microbiol 1995;33:2805-2811.

Ausina VJ, Barrio M, Luquin M, Samhcat M, Gurgui G, Verger G,
Prats G. Mycobacterium xenopi infections in the acquired immunode-
ficiency syndrome. Ann Intern Med 109:927-928.

Rodriguez-Barradas MC, Claridgc J, Darouiche R. Disseminated
Mycobacterium fortuitum disease in an AIDS patient. Am J Med
1992;93:473-474.

Ries KM, White GL Jr, Murdock RT. Atypical mycobacterial infection
caused by Mycobacterium marinum. N Engl J Med 1990;322:633.
Chocarra A, Gonzalez Lopez A, Breznes MF, Canut A, Rodriguez J,
Diego JM. Disseminated infection due to Mycobacterium malmoense
in a patient infected with human immunodeficiency virus. Clin Infect

Dis 1994;19:203-204.

Huminer DS, Dux Z, Samra L, Kaufman A, Lavy CS, Block SD. Myco-
bacterium simiae infection in Israeli patients with AIDS. Clin Infect
Dis 17:508-509.

Slutsky AM, Arbeit RD, Barber TW, Rich J, von Reyn CF, Pieciak W,
Barlow MA, Maslow NJ. Polyclonal infections due to Mycobacterium
avium complex in patients with AIDS detected by pulsed-field gel
electrophoresis of sequential clinical isolates. J Clin Microbiol
1994;32:1773-1778.

Horsburgh CR Jr, Mason UG, Farhi DC, Iseman MD. Disseminated
infection with Mycobacterium avium-intracellulare. Medicine 1985;64:
36-48.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191

192.

193.

Lichtenstein 1H, MacGregor RR. Mycobacterial infections in renal
transplant recipients: report of five cases and review of the literature.
Rev Infect Dis 1983;5:216-226.

Wallace RJ Jr, Swenson JM, Silcox VA, Good RC, Tschen JA, Stone
MS. Spectrum of disease due to rapidly growing mycobacteria. Rev
Infect Dis 1983;5:657—679.

Cooper JF, Lichtenstein MJ, Graham BS, Schaffner W. Mycobacterium
chelonae: a cause of nodular skin lesions with a proclivity for renal
transplant recipients. Am J Med 1989;86:173-177.

Wallace RJ Jr, Brown BA, Onyi GO. Skin, soft tissue, and bone infec-
tions due to Mycobacterium chelonae (chelonae): importance of prior
corticosteroid therapy, frequency of disseminated infections, and re-
sistance to oral antimicrobials other than clarithromycin. J Infect Dis
1982;166:405-412.

Ingram CW, Tanner DC, Durack DT, Kernodle GW Jr, Corey GR.
Disseminated infection with rapidly growing mycobacteria. Clin Infect
Dis 1993;16:463-471.

Chetchotisakd P, Mootsikapun P, Anunnatsiri S, Jirarattanapochai K,
Choonhakarn C, Chaiprasert A, Ubol PN, Wheat LJ, Davis TE.
Disseminated infection due to rapidly growing mycobacteria in immu-
nocompetent hosts presenting with chronic lymphadenopathy: a pre-
viously unrecognized clinical entity. Clin Infect Dis 2000;30:29-34.

Stone AB, Schelonka RL, Drehner DM, McMahon DP, Ascher DP.
Disseminated Mycobacterium avium complex in non-human immuno-
deficiency virus-infected pediatric patients. Pediatr Infect Dis J 1992;
11:960-964.

Gordin FM, Cohn DL, Sullam PM, Schoenfelder JR, Wynne BA, Hors-
burgh CR Jr. Early manifestations of disseminated Mycobacterium
avium complex disease: a prospective evaluation. J Infect Dis 1997;
176:126-132.

Torriani FJ, McCutchan JA, Bozzette SA, Grafe MR, Havlir DV. Au-
topsy findings in AIDS patients with Mycobacterium avium complex
bacteremia. J Infect Dis 1994;170:1601-1605.

Kalayjian RC, Toossi Z, Tomashefski JF Jr, Carey JT, Ross JA, Tomford
JW, Blinkhorn RJ Jr. Pulmonary disease due to infection by Mycobac-
terium avium complex in patients with AIDS. Clin Infect Dis 1995;
20:1186-1194.

Hocqueloux L, Lesprit P, Herrmann JL, La Blanchardiere A, Zagdanski
AM, Decazes JM, Modai J. Pulmonary Mycobacterium avium com-
plex disease without dissemination in HIV-infected patients. Chest
1998;113:542-548.

Hassell M, French MA. Mycobacterium avium infection and immune
restoration disease after highly active antiretroviral therapy in a pa-
tient with HIV and normal CD4+ counts. Eur J Clin Microbiol Infect
Dis 2001;20:889-891.

Phillips P, Kwiatkowski MB, Coplan M, Craib K, Montaner J. Mycobac-
terial lymphadenitis associated with the initiation of combination
antiretroviral therapy. J Acquir Immune Defic Syndr 1999;20:122-128.

Lange CG, Lederman MM. Immune reconstitution with antiretroviral
therapies in chronic HIV-I infection. J Antimicrob Chemother 2003;
51:1-4.

Phillips P, Bonner S, Gataric N, Bai T, Wilcox P, Hogg R,
O’Shaughnessy M, Montaner J. Nontuberculous mycobacterial im-
mune reconstitution syndrome in HIV-infected patients: spectrum of
disease and long-term follow-up. Clin Infect Dis 2005;41:1483-1497.

Lincoln EM, Gilbert LA. Disease in children due to mycobacteria other
than Mycobacterium tuberculosis. Am Rev Respir Dis 1972;105:683—
714.

Schaad, UB, Votteler TP, McCracken GH, Nelson JD. Management of
atypical mycobacterial lymphadenitis in childhood: a review based
on 30 cases. J Pediatr 1979;95:356-360.

Wolinsky E. Mycobacterial lymphadenitis in children: a prospective
study of 105 nontuberculous cases with long-term follow-up. Clin
Infect Dis 1995;20:954-963.

Margileth AM, Chandra R, Altman P. Chronic lymphadenopathy due
to mycobacterial infection. Am J Dis Child 1984;13:917-922.

Hazra R, Robson C, Perez-Atayde AR, Husson RN. Lymphadenitis
due to non- tuberculous mycobacteria in children: Presentations and
response to therapy. Clin Infect Dis 1999;28:123-129.

Romanus V, Hallander HH, Wahlen P, Olinder-Nielsen AM, Magnusson
PHW, Juhlin I. Atypical mycobacteria in extrapulmonary disease among
children: incidence in Sweden from 1969 to 1990, related to changing
BCG-vaccination coverage. Tuber Lung Dis 1995;76:300-310.

Katila ML, Brander E, Backman A. Neonatal BCG vaccination and myco-
bacterial cervical adenitis in childhood. Tubercle 1987;68:291-296.



American Thoracic Society Documents

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211

212.

213.

214.

215.

216.

Lindeboom JA, Prins JM, Bruijnesteijn van Coppenraet ES, Lindeboom
R, Kuijper EJ. Cervicofacial lympadenitis in children caused by Myco-
bacterium haemophilum. Clin Infect Dis 2005;41:1569-1575.

Lesla ES, Coppenraet BV, Kuijper EJ, Lindeboom JA, Prins JM, Claas
ECJ. Mycobacterium haemophilum and lymphadenitis in children.
Emerg Infect Dis 2005;11:62-68.

Henriques B, Hoffner SE, Petrini B, Juhlin L, Wahlen P, Kallenius G.
Infection with Mycobacterium malmoense in Sweden: report of 221
cases. Clin Infect Dis 1994;18:1596-1600.

Zaugg M, Salfinger MM, Opravil M, Ltithy R. Extrapulmonary and
disseminated infections due to Mycobacterium malmoense: case re-
port and review. Clin Infect Dis 1993;16:540-549.

Grange JM, Yates MD, Pozniak A. Bacteriologically confirmed non-
tuberculous mycobacterial lymphadenitis in southeast England: a re-
cent increase in the number of cases. Arch Dis Child 1995;72:516-517.

Lau SK, Wei WI, Kwan S, Yew WW. Combined use of fine-needle
aspiration cytologic examination and tuberculin skin test in the diag-
nosis of cervical tuberculous lymphadenitis. Arch Otolaryngol Head
Neck Surg 1991;117:87-90.

Baily TM, Akhtar M, Ali MA. Fine needle aspiration biopsy in the
diagnosis of tuberculosis. Acta Cytol 1985;29:732-736.

Gupta SK, Chugh TD, Sheikh ZA, Al-Rubah NA. Cytodiagnosis of
tuberculosis lymphadenitis. Acta Cytol 1993;37:329-332.

Armstrong KL, James RW, Dawson DJ, Francis PW, Masters B. Myco-
bacterium haemophilum causing perihilar or cervical lymphadenitis
in healthy children. J Pediatr 1992;121:202-205.

Wolinsky E, Rynearson TK. Mycobacteria in soil and their relation to
disease-associated strains. Am Rev Respir Dis 1968;97:1032-1037.
Hoffman PC, Fraser DW, Rohicsek F, O’Bar PR, Mauney CU. Two
outbreaks of sternal wound infections due to organisms of the Myco-

bacterium fortuitum complex. J Infect Dis 1981;143:533-542.

Szabo I. Mycobacterium chelonei endemy after heart surgery with fatal
consequences. Am Rev Respir Dis 1980;121:607.

Lowry PW, Jarvis WR, Oberle AD, Bland LA, Silberman R, Bocchini
JA Jr, Dean HD, Swenson JM, Wallace RJ Jr. Mycobacterium chelo-
nae causing otitis media in an ear-nose-and-throat practice. N Engl
J Med 1988;319:978-982.

Maloney SS, Welbel B, Daves K, Adams S, Becker L, Bland MA,
Wallace RJ Jr, Zhang Y, Buck G, Risch P, et al. Mycobacterium
absessus pseudoinfection traced to an automated endoscope washer:
utility of epidemiologic and laboratory investigation. J Infect Dis
1994;169:1166-1169.

Laussucq S, Baltch AL, Smith RP, Smithwick RW, Davis BJ, Desjardin
EK, Silcox VA, Spellacy AB, Zeimis R, Gruft HM, et al. Nosocomial
Mycobacteriium fortuitum colonization from a contaminated ice ma-
chine. Am Rev Respir Dis 1988;132:891-894.

Kuritsky JN, Bullen M, Broome CV, Silcox V, Good R, Wallace RJ Jr.
Sternal wound infections and endocarditis due to organisms of the
Mycobacterium fortuitum complex: a potential environmental source.
Ann Intern Med 1983;9:938-939.

Bolan G, Reingold AL, Carson LA, Silcox VA, Woodley CL, Hayes
PS, Hightower AW, McFarland L, Brown JW I11, Peterson NJ, et al.
Infections with Mycobacterium chelonei in patients receiving dialysis
and using processed hemodialyzers. J Infect Dis 1985:152:1013-1019.

Safranek TJ, Jarvis WT, Carson LA, Cusick LB, Bland LA, Swenson JM,
Silcox VA. Mycobacterium chelonae wound infections after plastic
surgery employing contaminated gentian violet skin-marking solu-
tion. N Engl J Med 1997;317:197-201.

Wenger JD, Spika JS, Smithwick RW, Pryor V, Dodson DW, Carden
GA, Klontz KC. Outbreak of Mycobacterium chelonae infection asso-
ciated with use of jet injectors. JAMA 1990;1264:373-376.

Wallace RJ Jr, Zhang Y, Brown BA, Fraser V, Mazurck G, Maloney
S. DNA large restriction fragment patterns of sporadic and epidemic
nosocomial strains of Mycobacterium chelonae and Mycobacterium
abscessus. J Clin Microbiol 1993;3:2697-2701.

Hoy JF, Ralston KV, Hopfer RL, Bodey GP. Mycobacterium fortuitum
bacteremia in patients with cancer and long-term venous catheters.
Am J Med 1987;83:213-217.

Clegg HW, Foster MT, Sanders WE Jr, Baine WB. Infection due to
organisms of the Mycobacterium fortuitum complex after augmen-
tation mammaplasty: clinical and epidemiologic features. J Infect Dis
1983;147:427-433.

Wallace RJ Jr, Musser JM, Hull SI, Silcox VA, Steele LC, Forrester
GD, Labidi A, Selander RK. Diversity and sources of rapidly growing
mycobacteria associated with infections following cardiac surgery.
J Infect Dis 1989;159:708-716.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231

232.

233.

234.

235.

236.

237.

411

Chandra NS, Torres MF, Winthrop KL, et al. A cluster of Mycobacte-
rium chelonae Keratitis cases following laser in-situ keratomileusis.
Am J Ophthalmol 2001;132:819-830.

Lahey T. Invasive Mycobacterium marinum infections. Emerg Infect
Dis 2003;9:1496-1497.

Hellinger WC, Smilack JD, Greider JL Jr, Alvarez S, Trigg SP, Brewer
NS, Edson NS. Localized soft tissue infections with Mycobacterium
avium, Mycobacterium intracellulare complex in immunocompetent
patients: granulomatous tenosynovitis of the hand or wrist. Clin Infect
Dis 1995;21:65-69.

Chan ED, Kong PM, Fennelly K, Dwyer AP, Isesman MD. Vertebral
osteomyelitis due to infection with nontuberculous Mycobacterium
species after blunt trauma to the back: three examples of the principle
of locus minoris resistentia. Clin Infect Dis 2001;31:1506-1510.

Maloney S, Welbel S, Daves B, Adams K, Becker S, Bland L, Arduino
M, Wallace RJ Jr, Zhang Y, Buck G, et al. Mycobacterium absessus
pseudoinfection traced to an automated endoscope washer: utility of
epidemiologic and laboratory investigation. J Infect Dis 1994;169:
1166-1169.

Bolan G, Reingold AL, Carson LA, Silcox VA, Woodley CL, Hayes
PS, Hightower AW, McFarland L, Brown JW 111, Peterson NJ, et al.
Infections with Mycobacterium chelonei in patients receiving dialysis
and using processed hemodialyzers. J Infect Dis 1985;152:1013-1019.

Carson LA, Bland LA, Cusick LB, Favero MS, Bolan GA, Reingold
AL, Good RC. Prevalence of nontuberculous mycobacteria in water
supplies of hemodialysis centers. Appl Environ Microbiol 1988;54:
3122-3125.

Boian MG, Aronson TW, Holtzman AE, Bishop N, Tran TT, Glover
N, Berlin OW, Stelma GN Jr, Froman S. A comparison of clinical
and potable water isolates of Mycobacterium avium using PCR of
genomic sequences between insertion elements [abstract U-161].
Abstr Gen Meet Am Soc Microbiol 1997;571.

Wallace RJ Jr, Brown A, Griffith DE. Nosocomial outbreaks/pseudo-
outbreaks caused by nontuberculous mycobacteria. Annu Rev Micro-
biol 1998;52:453-490.

Schulze-Robbecke R, Janning B, Fischeder R. Occurrence of mycobac-
teria in biofilm samples. Tuber Lung Dis 1992;73:141-144.

Yew W, Wong P, Woo H, Yip C, Chan C, Chong FB. Characterization
of Mycobacterium fortuitum isolates from sternotomy wounds by
antimicrobial susceptibilities, plasmid profiles, and ribosomal ribo-
nucleic acid gene restriction patterns. Diagn Microbiol Infect Dis
1993;17:111-117.

Zhang Y, Rajagopalan M, Brown BA, Wallace RJ Jr. Randomly ampli-
fied polymorphic DNA PCR for comparison of Mycobacterium ab-
scessus strains from nosocomial outbreaks. J Clin Microbiol 1997;35:
3132-3139.

Carmargo D, Saad C, Ruiz F, Ramirez ME, Lineros M, Rodriguez G,
Navaro E, Pulido E, Orozco U. latrogenic outbreak of Mycobacterium
chelonae skin abscesses. Epidemiol Infect 1996;117:113-119.

Centers for Disease Control and Prevention. Infection with Mycobacte-
rium abscessus associated with intramuscular injection of adrenal
cortex extract: Colorado and Wyoming. MMWR Morb Mortal Wkly
Rep 1996;45:713-715.

Centers for Disease Control and Prevention. Mycobacterium chelonae
infections associated with facelifts: New Jersey, 2002-2003. MMWR
Morb Mortal Wkly Rep 2004;53:192-194.

Meyers H, Brown-Elliott BA, Moore D, Curry J, Truong C, Zhang Y,
Wallace RJ Jr. An outbreak of Mycobacterium chelonae infection
following liposuction. Clin Infect Dis 2002;34:1500-1507.

Winthrop KL, Steinberg EB, Holmes G, Kainer MA, Werner SB,
Winquist A, Vugia DJ. Epidemic and sporadic cases of nontubercu-
lous mycobacterial keratitis associated with laser in-situ keratomi-
leusis. Am J Ophthalmol 2003;135:223-224.

Freitas D, Alvarenga L, Sampaio J, Mannis M, Sato E, Sousa L, VieraL, Yu
M, Martins M, Hoffling-Lima A, et al. An outbreak of Mycobacterium
chelonae infection after LASIK. Opthalmology 2003;110:276-285.

Holmes GP, Bond GB, Fader RC, Fulcher SF. A cluster of cases of
Mycobacterium szulgai Keartitis that occured after laser-assisted in
situ keratomileusis. Clin Infect Dis 2002;34:1039-1046.

Band JD, Ward JI, Fraser DW, Peterson NJ, Silcox VA, Good RC.
Peritonitis due to a Mycobacterium chelonae-like organism associated
with intermittent chronic peritoneal dialysis. J Infect Dis 1982;145:
9-17.

Hogg GG, Schinsky MF, McNeil MM, Lasker BA, Silcox VA, Brown
JM. Central line sepsis in a child due to a previously unidentified
mycobacterium. J Clin Microbiol 1994;37:1193-1196.



412

238.

239.

240.

241.

242.

243.

244,

245,

246.

247.

248.

249.

250.

251.

252.

253.

254,

255.

256.

257.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 175

Schinsky MF, Morey RE, Steigerwalt AG, Douglas MP, Wilson RW,
Floyd MM, Butler WR, Daneshvar MI, Brown-Elliott BA, Wallace
RJ Jr, et al. Taxonomic variation in the Mycobacterium fortuitum third
biovariant complex: description of Mycobacterium neworleansense
sp. nov. and Mycobacterium brisbanensesp. nov. and recognition of
Mycobacterium porcinum from human clinical isolates. Int J Syst Evol
Microbiol 2004;54:1653...1667.

Franklin DJ, Starke JR, Brady MT, Brown BA, Wallace RJ Jr. Chronic
otitis media after tympanostomy tube placement caused byMycobac-
terium abscessusa new clinical entity? Am J Otol 1994,;3:313...320.

Gira AK, Reisenauer H, Hammock L, Nadiminti U, Macy JT, Reeves
A, Brunett C, Yakrus MA, Toney S, Jensen BJ, et al. Furunculosis
due to Mycobacterium mageritenseassociated with footbaths at a nail
salon. J Clin Microbiol 2004:;42:1813...1817.

Winthrop KL, Abrams M, Yakrus M, Schwartz |, Ely J, Gillies D,
Vugia DJ. An outbreak of mycobacterial furunculosis associated with
footbaths at a nail salon.N Engl J Med 2002;346:1366...1371.

Sniezak PJ, Graham BS, Busch HB, Lederman ER, Lim ML, Poggemyer
K, Kao A, Mizrahi M, Washabaugh G, Yakrus MA, et al. Rapidly
growing mycobacterium infections following pedicures. Arch Derma-
tol 2003;139:629...634.

Winthrop KL, Albridge K, South D, et al. The clinical management
and outcome of nail salon-acquired Mycobacterium fortuitum skin
infection. Clin Infect Dis 2004;38:38...44.

Brown BA, Springer B, Steingrube VA, Wilson RW, Pfyffer GE, Garcia
MJ, Menendez MC, Rodriguez-Salgado B, Jost KC Jr, Chi SH, et al.
Mycobacterium wolinskyi sp. nov. andMycobacterium goodii sp. nov.,
two new rapidly growing species related toMycobacterium smegmatis
and associated with human wound infections: a cooperative study
from the International Working Group on Mycobacterial Taxonomy.
Int J Syst Bacteriol 1999;49:1493...1511.

Herold RC, Lotke PA, MacGregor RR. Prosthetic joint infections sec-
ondary to rapidly growing Mycobacterium fortuitum. Clin Orthop
Relat Res1987;216:183...187.

Steere AC, Corrales J, von Graevenitz A. A cluster of Mycobacterium
gordonaeisolates from bronchoscopy specimensAm Rev Respir Dis
1979;120:214...216.

Wheeler PW, Lancaster D, Kaiser AB. Bronchopulmonary cross-
colonization and infection related to mycobacterial contamination of
suction values of bronchoscopesJ Infect Dis 1989;159:954...958.

Bennett SN, Peterson DE, Johnson DR, Hall WN, Robinson-Dunn B,
Dietrich S. Bronchoscopy-associatedMycobacterium xenopi pseudo-
infections. Am J Respir Crit Care Med 1984;150:245...250.

Maloney S, Welbel S, Daves B, Adams K, Becker Set al. Mycobacterium
abscessupseudoinfection traced to an automated endoscope washer:
utility of epidemologic and laboratory administration. J Infect Dis
1994;169:166...169.

El Sahly HM, Septimus E, Soini H, Septimus J, Wallace RJ, Pan X,
Williams-Bouyer N, Musser JM, Graviss EA. Mycobacterium simiae
pseudo-outbreak resulting from a contaminated hospital water supply
in Houston, Texas. Clin Infect Dis 2002;35:802...807.

von Reyn CF, Maslow JN, Barber TW, Falkinham JO 3rd, Arbeit RD.
Persistent colonisation of potable water as a source oMycobacterium
avium infection in AIDS. Lancet 1994;343:1137...1141.

Tobin-DeAngelo MJ, Blass MA, del Rio C, Halvosa JS, Blumberg HM,
Horsburgh CR. Hospital water as a source of Mycobacterium avium
complex (MAC) isolates in respiratory specimens. J Infect Dis 2004;
189:98...104.

Sugita Y, Ishii N, Katsuno M, Yamada R, Nakajima H. Familial cluster
of cutaneous Mycobacterium avium infection resulting from use of
a circulating, constantly heated bath water system.Br J Dermatol
2000;142:789...793.

Ahn CH, McLarty IW, Ahn SS, Ahn SI, Hurst GA. Diagnostic criteria
for pulmonary disease caused byMycobacterium kansasiiand Myco-
bacterium intracellulare. Am Rev Respir Dis1982;125:388...391.

The Research Committee of the British Thoracic Society. Pulmonary
disease caused byMycobacterium avium-intracellulare in HIV-
negative patients: “ve-year follow-up patients receiving standardized
treatment. Int J Tuberc Lung Dis 2002;67:628...634.

Reich JM, Johnson RE. Mycobacterium avium complex pulmonary
disease presenting as an isolated lingular or middle lobe pattern: the
Lady Windermere Syndrome. Chest1992;101:1605...1609.

Fujita J, Ohtsuki Y, Shigeto E, Suemitsu |, Yamadori |, Bandoh S,
Shiode M, Nishimura K, Hirayama T, Matsushima T, et al. Pathologi-
cal “ndings of bronchiectases caused byMycobacterium avium intra-
cellulare complex. Respir Med 2003;97:933...938.

258

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

2007

Dutt AK, Stead VW. Long-term results of medical treatment in Myco-
bacterium intracellulare infection. Am J Med 1979;67:449...453.

Ahn CH, Ahn SS, Anderson RA, Murphy DT, Mammo A. A four-
drug regimen for initial treatment of cavitary disease caused byMyco-
bacterium avium complex. Am Rev Respir Dis 1986;134:438...441.

Seibert AF, Bass JB. Four drug therapy of pulmonary disease due
to Mycobacterium avium complex [abstract]. Presented at the 1989
Annual Meeting of American Thoracic Society, May 14...17, Cincin-
nati, OH. Am Rev Respir Dis 1994;139(Suppl):A399.

Davidson PT, Khanijo V, Gable M, Moulding TS. Treatment of disease
due to Mycobacterium intracellulare. Rev Infect Dis1981;3:1052...1059.

Yeager H Jr, Raleigh JW. Pulmonary disease due toMycobacterium
intracellulare. Am Rev Respir Dis 1973;108:547...552.

Corpe RF. Surgical management of pulmonary disease due tMycobac-
terium avium-intracellulare. Rev Infect Dis 1981;3:1064...1067.

Moran JF, Alexander LG, Stauh EW, Young WG, Sealy WC. Long-term
results of pulmonary resection for atypical mycobacterial disease Am
Thorac Surg 1983;35:597...604.

Horsburgh CR Jr, Mason UG, Heifets LB Ill, Southwick K, Labrecque
J, Iseman MD. Response to therapy of pulmonary Mycobacterium
avium-intracellulare infection correlates with results of in vitro suscep-
tibility testing. Am Rev Respir Dis 1987;135:418...421.

Wallace RJ Jr, Brown BA, Grif‘th DE, Girard WM, Murphy DT.
Clarithromycin regimens for pulmonary Mycobacterium avium com-
plex: the “rst 50 patients. Am J Respir Crit Care Med 1996;153:1766...1772.

Kanatani MS, Guglielmo BJ. The new macrolides: azithromycin and
clarithromycin. West J Med1994;160:31...37.

Eisenberg E, Barza M. Azithromycin and clarithromycin. Curr Clin Top
Infect Dis Chest1994;14:52...79.

Dautzenberg B, Piperno D, Diot P, Truffot-Pernot C, Chavin JP; Clar-
ithromycin Study Group of France. Clarithromycin in the treatment
of Mycobacterium avium lung infections in patients without AIDS.
Chest1995;107:1035...1040.

Wallace RJ Jr, Brown BA, Grif‘th DE, Girard WM, Murphy DT, Onyi
GO, Steingrube VA, Mazurek GH. Initial clarithromycin monother-
apy for Mycobacterium avium-intracellulare complex lung disease.
Am J Respir Crit Care Med 1994;149:1335...1341.

Grif‘th DE, Brown BA, Girard WM, Murphy DT, Wallace RJ Jr.
Azithromycin activity against Mycobacterium avium complex lung
disease in patients who were not infected with human immunode*-
ciency virus. Clin Infect Dis 1996;23:983...989.

Chaisson RE, Benson CA, Dube MP, Heifets LB, Korvick JA, Elkin S,
Smith T, Craft JC, Sattler FR. Clarithromycin therapy for bacteremic
Mycobacterium avium complex disease: a randomized, double-blind,
dose-ranging study in patients with AIDS. Ann Intern Med 1994;121:
905...911.

Heifets L, Mar N, Vanderkolk J. Mycobacterium avium strains resistant
to clarithromycin and azithromycin. Antimicrob Agents Chemother
1993;37:2364...2370.

Grif‘th DE, Brown-Elliott BA, Langsjoen B, Zhang Y, Pan X, Girard
W, Nelson K, Caccitolo J, Alvarez J, Shepherd S.etal. Clarithromycin-
resistant Mycobacterium avium complex lung disease.Am J Respir
Crit Care Med 2006;174:928...934.

Grif‘th DE, Brown BA, Girard WM, Grif‘th BE, Couch LA, Wallace
RJ Jr. Azithromycin-containing regimens for treatment of Mycobacte-
rium avium complex lung disease Clin Infect Dis 2001;32:1547...1553.

Tanaka E, Kimoto T, Tsuyuguchi K, Watanabe I, Matsumoto H, Niimi
A, Suzuki K, Murayama T, Amitani R, Kuze F. Effect of clarithro-
mycin regimen for Mycobacteriuim avium complex pulmonary dis-
ease.Am J Respir Crit Care Med 1999;160:866...872.

Kobashi Y, Matsushima T. The effect of combined therapy according
to the guidelines or the treatment of Mycobacterium avium complex
pulmonary disease.Intern Med 2003;42:670...675.

Shafran SD, Singer J, Phillips DP, Salit I, Walmsley SL, Fong IW,et al.
A comparison of two regimens for the treatment of Mycobacterium
avium complex bacteremia in AIDS: rifabutin, ethambutol, and clar-
ithromycin versus rifampin, ethambutol, clofazimine and cipro”oxa-
cin. N Engl J Med 1996;335:377.

Ward TT, Rimland D, Kauffman C, Huycke M, Evans TG, Heifets L.
Randomized, open-label trial of azithromycin plus ethambutol vs.
clarithromycin plus ethambutol as therapy for Mycobacterium avium
complex bacteremia in patients with human immunode‘“ciency virus
infection. Clin Infect Dis 1998;27:1278...1285.

Grif‘th DE, Brown BA, Murphy DT, Girard WM, Couch LA, Wallace
RJ Jr. Initial (6-month) results of three-times-weekly azithromycin
in treatment regimens for Mycobacterium avium complex lung disease



American Thoracic Society Documents

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

in human immunode“ciency virus-negative patients. J Infect Dis
1998;178:121...126.

Grif‘th DE, Brown BA, Cegielski P, Murphy DT, Wallace RJ Jr. Early
results (at 6 months) with intermittent clarithromycin-including regi-
mens for lung disease due toMycobacterium avium complex. Clin
Infect Dis 2000;302:288...292.

Lam PK, Grif‘th DE, Aksamit TR, Ruoss SJ, Garay SM, Daley CL,
Catanzaro A. Factors related to response to intermittent treatment
of Mycobacterium avium complex lung disease.Am J Respir Crit
Care Med 2006;173:1283...1289.

Wallace RJ Jr, Brown BA, Grif‘th DE. Drug intolerance to high-dose
clarithromycin among elderly patients. Diagn Microbiol Infect Dis
1993;16:215...221.

Brown BA, Wallace RJ Jr, Grif‘th DE, Girard WM. Clarithromycin-
induced hepatotoxicity. Clin Infect Dis 1995;20:1073...1074.

Brown BA, Grif‘th DE, Girard WM, Levin J, Wallace RJ Jr. Relation-
ship of adverse events to serum drug levels in patients receiving high-
dose azithromycin for mycobacterial lung disease.Clin Infect Dis
1997;24:958...964.

Woodley CL, Kilburn JO. In vitro susceptibility of Mycobacterium
avium complex and Mycobacterium tuberculosis strains to a spiro-
piperidyl rifamycin. Am Rev Respir Dis 1982;126:586...587.

Dautzenherg B, Castellani P, Pellegrin JL, Vittecog D, Trufot-Pernot
C, Pirotta N, Sassclla D. Early bactericidal activity of rifabutin versus
that of placebo in treatment of disseminated Mycobacterium avium
complex bacteremia in AIDS patients. Antimicrob Agents Chemother
1996;40:1722...1725.

Sullam PM, Gordin FM, Wynne BA. Ef‘cacy of rifabutin in the treat-
ment of disseminated infection due to Mycobacterium avium complex.
Clin Infect Dis 1994;19:84...86.

Nightingale SD, Cameron DW, Gordin FM, Sullam PM, Cohn DL,
Chaisson LE, Eron PD, Sparti B, Bihari DL, Kaufman JJ, et al.
Two controlled trials of rifabutin prophylaxis against Mycobacterium

avium complex infections in AIDS. N Engl J Med 1993;329:828...833.

Wallace RJ Jr, Brown BA, Grif‘th DE, Girard WM, Tanaka K. Reduced
serum levels of clarithromycin in patients treated with multidrug
regimens including rifampin or rifabutin for Mycobacterium avium
intracellulare infection. J Infect Dis 1995;171:747...750.

Grif‘th DE, Brown BA, Wallace RJ Jr. Varying dosages of rifabutin
affect white blood cell and platelet counts in human immunode*-
ciency virus...negative patients who are receiving multidrug regimens
for pulmonary Mycobacterium avium complex disease.Clin Infect
Dis 1996;23:1321...1322.

Grif‘th DE, Brown BA, Girard WM, Wallace RJ Jr. Adverse events
associated with high-dose rifabutin in macrolide-containing regimens
for the treatment of Mycobacterium avium complex lung disease.
Clin Infect Dis 1995;21:594...598.

Gordin FM, Sullam PM, Shafran SD, Cohn DL, Wynne B, Paxton L,
Perry K, Horsburgh CR Jr. A randomized, placebo-controlled study
of rifabutin added to a regimen of clarithromycin and ethambutol
for treatment of disseminated infection with M ycobacterium avium
complex. Clin Infect Dis 1999;28:1080...1085.

Field SK, Cowie RL. Treatment of Mycobacterium avium-intracellulare
complex lung disease with a macrolide, ethambutol, and clofazimine.
Chest2003;124:1482...1486.

Chaisson RE, Keiser P, Pierce M, Fessel WJ, Ruskin J, Lahart C, Benson
CA, Meek K, Siepman N, Craft JC. Clarithromycin and ethambutol
with or without clofazimine for the treatment of bacteremic Mycobac-
terium avium complex disease in patients with HIV infection. AIDS
1997;11:311...317.

Rubin BK, Henke MO. Immunomodulatory activity and effectiveness
of macrolides in chronic airway disease.Chest2004;125:70S...78S.

Peloquin CA, Berning SE, Nitta AT, Simone PM, Goble M, Huitt GA,
Iseman MD, Cook JL, Curan-Everett D. Aminoglycoside toxicity:
daily versus thrice-weekly dosing for treatment of mycobacterial dis-
eases.Clin Infect Dis 2004;38:1538...1544.

Grif‘th DE, Brown-Elliott BA, McLarty J, Shepherd S, Grif‘th L,
Wallace RJ Jr. Ethambutol ocular toxicity during therapy for Myco-
bacterium avium complex lung disease.Am J Respir Crit Care Med
2005;172:250...253.

American Thoracic Society; Centers for Disease Control and Preven-
tion; Infectious Diseases Society of America. Treatment of tuberculo-
sis. Am J Respir Crit Care Med 2003;167:603...662.

Shafran SD, Deschenes J, Miller M, Phillip P, Toma E. Uveitis and
pseudojaundice during a regimen of clarithromycin, rifabutin, and
ethambutol. N Engl J Med 1994;330:438...439.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

413

Pomerantz ML, Madsen M, Goble M, Iseman M. Surgical management
of resistant mycobacterial tuberculosis and other mycobacterial pul-
monary infections. Ann Thorac Surg 1991;52:1108...1112.

Parrot RG, Grosset JH. Post-surgical outcome of 57 patients withMyco-
bacterium xenopi pulmonary infection. Tubercle 1991;69:47...55.

Pomerantz M, Denton JR, Huitt GA, Brown JM, Powell LA, Iseman
MD. Resection of the right middle lobe and lingula for mycobacterial
infection. Ann Thorac Surg 1996;62:990...993.

Shiraishi Y, Fukushima K, Komatsu H, Kurashima A. Early pulmonary
resection for localized Mycobacterium avium complex disease.Ann
Thorac Surg 1998;66:183...186.

Shiraishi Y, Nakajima Y, Takasuna K, Hanaoka T, Katsuragi N, Konno
H. Surgery for Mycobacterium avium complex lung disease in the
clarithromycin era. Eur J Cardiothorac Surg 2002;21:314...318.

Nelson KG, Grif“th DE, Brown BA, Wallace RJ Jr. Results of operation
in Mycobacterium avium-intracellularelung disease Ann Thorac Surg
1998;66:325...330.

Debrunner M, Sal“nger M, Brandli O, von Graevinitz A. Epidemiology
and clinical signi“cance of nontuberculous mycobacteria in patients
negative for human immunode“ciency virus in Switzerland. Clin Infect
Dis 1992;15:330...345.

Castro DJ, Hoover L, Castro DJ, Zuckerbraun L. Cervical mycobacte-
rial lymphadenitis: medical vs. surgical managementArch Otolaryn-
gol 1985;111:816...819.

Taha AM, Davidson PT, Bailey WC. Surgical treatment of atypical
mycobacterial lymphadenitis in children. Pediatr Infect Dis 1985;
4:664...667.

Jadavji T, Wang A. Atypical mycobacterial cervical adenitis in normal
children: is clarithromycin effective? [abstract] Presented at the Third
International Conference on the Macrolides, Azalides and Strepto-
gramins, Lisbon, Portugal, 1996. Abstract No. 7.23.

Berger C, Pfyffer GE, Nadal D. Treatment of nontuberculous mycobac-
terial lymphadenitis with clarithromycin plus rifabutin. J Pediatr
1996;128:383...386.

Kaplan JE, Masur H, Holmes KK. Guidelines for preventing opportunis-
tic infections among HIV-infected persons. MMWR Morb Mortal
WKly Rep 2002;51:1...52.

Benson CA, Williams PL, Currier JS, Holland F, Mahon LF, MacGrego
RR, Inderlied CB, Flexner C, Neidig J, et al. A prospective, random-
ized trial examining the ef“cacy and safety of clarithromycin in combi-
nation with ethambutol, rifabutin, or both for the treatment of dissem-
inated Mycobacterium avium complex disease in persons with acquired
immunode*“ciency syndrome. Clin Infect Dis 2003;37:1234...1243.

Siegal FP, Eilbott D, Burger H, Gehan K, Davidson B, Kaell AT, Weiser
B. Dose-limiting toxicity of rifabutin in AIDS-related complex: syn-
drome of arthralgia/arthritis. AIDS 1990;4:433...441.

Havlir D, Torriani F, Dube” M. Uveitis associated with rifabutin prophy-
laxis. Ann Intern Med 1994;121:510...512.

Cohn DL, Fisher EJ, Peng GT, Hodges JS, Chesnut J, Child CC,
Franchino B, Gibert C, EI-Sadr W, et al. A prospective randomized
trial of four three-drug regimens in the treatment of disseminated
Mycobacterium avium complex disease in AIDS patients: excess
mortality associated with high-dose clarithromycin. Clin Infect Dis
1999;29:125...133.

Bamberger DM, Driks MR, Gupta MR, O<Connor MC, Jost PM,
Neihart RE, McKinsey DS, Moore LA. Mycobacterium kansasii
among patients infected with human immunode“ciency virus in
Kansas City. Clin Infect Dis 1994;18:395...400.

Witzig RS, Fazal BA, Mera RM, Mushatt DM, Dejace PM, Greer DL,
Hyslop NE Jr. Clinical manifestations and implications of coinfection
with Mycobacterium kansasiiand human immunode“ciency virus type
1. Clin Infect Dis 1996;22:1130...1131.

Campo RE, Campo CE. Mycobacterium kansasii disease in patients
infected with human immunode“ciency virus. Clin Infect Dis 1997;
24:1233...1238.

Old“eld EC, Fessel WJ, Dunne MW, Dickinson G, Wallace MR, Byrne
W, Chung R, Wagner KF, Paparello SF, et al. Once weekly azithro-
mycin therapy for prevention of Mycobacterium avium complex infec-
tion in patients with AIDS: a randomized, double-blind, placebo-
controlled multicenter trial. Clin Infect Dis 1998;26:611...619.

Pierce M, Crampton S, Henry D, Heifets L, LaMarca A, Montecalvo
M, Wormser GP, Jablonowski H, Jemsek J,et al. A randomized trial
of clarithromycin as prophylaxis against disseminatedViycobacterium
avium complex infection in patients with advanced acquired immuno-
de“ciency syndrome. N Engl J Med 1996;335:384...391.

El-Sadr WM, Burman WJ, Grant LB, Matts JP, Hafner R, Crane L, Zeh
D, Gallagher B, Mannheimer SB, et al. Discontinuation of prophylaxis



414

323.

324.

325.

326.

327.

328.

329.

330.

331

332.

333.

334.

335.

336.

337.

338.

339.

340.

341

342.

343.

344,

345.

346.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 175 2007

against Mycobacterium avium complex disease in HIV-infected pa-
tients who have a response to antiretroviral therapy. N Engl J Med
2000;342:1085-1092.

Baily RK, Wyles S, Dingley M, Hesse F, Kent GW. The isolation of
high catalase Mycobacterium kansasii from tap water. Am Rev Respir
Dis 1970;101:430-431.

MacSwiggan DA, Collins CH. The isolation of M. kansasii and M. xenopi
from water systems. Tubercle 1974,55:291-297.

Engel HWB, Berwald LG, Havelaar AH. The occurrence of Mycobacte-
rium kansasii in tap water. Tubercle 1980;61:21-26.

Bert LP, Steadham JE. Improved technique for isolation of Mycobacte-
rium kansasii from water. J Clin Microbiol 1981;13:969-975.

Levy-Frebault V, David HL. Mycobacterium kansasii: drinking water
contaminant of a hospital. Rev Epidemiol Sante Publique 1983;31:11-20.

Picardeau MG. Prod’Hom L, Raskine MP, LePennec VV. Genotypic
characterization of five subspecies of Mycobacterium kansasii. J Clin
Microbiol 1997,35:25-32.

Santin M, Alcaide F, Benitez MA, Salazar A, Ardanuy C, Podzamczer
D, Rufi G, Dorca J, Martin R, Gudiol F. Incidence and molecular
typing of Mycobacterium kansasii in a defined geographical area in
Catalonia, Spain. Epidemiol Infect 2004;132:425-432.

Taillard C, Greub G, Weber R, Pfyffer GE, Bodmer T, Zimmerli S,
Frei R, Bassetti S, Rohner P, Piffaretti JC, et al. Clinical implications
of Mycobacterium kansasii species heterogeneity: Swiss National Sur-
vey. J Clin Microbiol 2003;41:1240-1244.

Zhang Y, Mann LB, Wilson RW, Brown-Elliott BA, Vincent V, linuma
Y, Wallace RJ Jr. Molecular analysis of Mycobacterium kansasii iso-
lates from the United States. J Clin Microbiol 2004;42:119-125.

Gaafar A, Unzaga MJ, Cisterna R, Clavo FE, Urra E, Ayarza R, Martin
G. Evaluation of a modified single-enzyme amplified fragment length
polymorphism technique for fingerprinting and differentiating of
Mycobacterium kansasii type | isolates. J Clin Microbiol 2003;41:
3846-3850.

linuma'Y, Ichiyama S, Hasegawa Y, Shimokata K, Kawahura S, Matsus-
hima T. Large-restriction-fragment analysis of Mycobacterium kan-
sasii genomic DNA and its application in molecular typing. J Clin
Microbiol 1997;35:596-599.

Yates MD, Grange JM, Collins CH. The nature of mycobacterial disease
in South East England, 1977-84. J Epidemiol Community Health
1986;40:295-300.

Jenkins PA. The epidemiology of opportuntistic mycobacterial infec-
tions in Wales, 1952-1978. Rev Infect Dis 1981;3:1021-1023.

Marras TK, Daley CL. Epidemiology of human pulmonary infection
with non-tuberculous mycobacteria. Clin Chest Med 2002;23:553-567.

Bittner MJ, Horowitz EA, Safranek TJ, Preheim LC. Emergence of
Mycobacterium kansasii as the leading mycobacterial pathogen iso-
lated over a 20-year period at a Midwestern Veteran Affairs Hospital.
Clin Infect Dis 1996;22:1109-1110.

Ahn CH, Lowell JR, Onstad GD, Shuford EH, Hurst GA. A demo-
graphic study of disease due to Mycobacterium kansasii or Mycobacte-
rium intracellulare-avium in Texas. Chest 1979;75:120-125.

Block KC, Zwerling L, Pletcher MJ, et al. Incidence and clinical implica-
tions of isolation of Mycobacterium kansasii. Ann Intern Med 1998;
129:698-704.

Corbett EL, Hay M, Churchyard GJ, Herselman P, Clayton T, Williams
BG, Hayes R, Mulder D, De Cock KM. Mycobacterium kansasii
and Mycobacterium scrofulaceum isolates from HIV-negative South
African gold miners: incidence, clinical significance and radiology.
Int J Tuberc Lung Dis 1999;3:501.

Francis PB, Jay SJ, Johanson WG Jr. Course of un-treated Mycobacte-
rium kansasii disease. Am Rev Respir Dis 1975;111:477-487.

Wallace RJ Jr, Dunbar D, Brown BA, Onyi G, Dunlap R, Ahn CH,
Murphy D. Rifampin-resistant Mycobacterium kansasii. Clin Infect
Dis 1994;18:1736-1743.

Hobby GL, Redmond WB, Runyon EH, Schaefer WB, Wayne LG,
Wichelhausen RH. A study of pulmonary disease associated with
mycobacteria other than Mycobacterium tuberculosis: identification
and characterization of the mycobacteria. Am Rev Respir Dis 1967,
95:954-971.

Pezzia W, Raleigh JW, Bailey MC, Toth EA, Silverblatt J. Treatment of
pulmonary disease due to Mycobacterium kansasii: recent experience
with rifampin. Rev Infect Dis 1981;3:1035-1039.

Ahn CH, Lowell JR, Ahn SA, Ahn S, Hurst GA. Chemotherapy for
pulmonary disease due to Mycobacterium kansasii: efficacies of some
individual drugs. Rev Infect Dis 1981;3:1028-1034.

Gay JD, DeYoung DR, Roberts GD. In vitro activities of norfloxacin
and ciprofloxacin against Mycobacterium tuberculosis, Mycobacte-

347.

348.

349.

350.

351

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

rium avium compleX, Mycobacterium chelonei, Mycobacterium fortu-
itum, and Mycobacterium kansasii. Antimicrob Agents Chemother
1984;26:94-96.

Ahn CH, Lowell JR, Ahn SS, Ahn SI, Hurst GA. Short-course chemo-
therapy for pulmonary disease caused by Mycobacterium kansasii.
Am Rev Respir Dis 1983;128:1048-1050.

Banks JA, Hunter M, Campbell 1A, Jenkins PA, Smith AP. Pulmonary
infection with Mycobacterium kansasii in Wales, 1970-9: review of
treatment and response. Thorax 1983;38:271-274.

Jenkins PA, Banks J, Campbell 1A, Smith AP. Mycobacterium kansasii
pulmonary infection: a prospective study of the results of nine months
of treatment with rifampicin and ethambutol. Thorax 1994;49:442-445.

Jenkins DE, Bahar D, Chofnas I. Pulmonary disease due to atypical
mycobacteria: current concepts. Transactions 19th Conference on
Chemotherapy of Tuberculosis. 1960. pp. 224-231.

Sauret J, Hernandez-Flix S, Castro E, Hernandez L, Ausina V, Coll P.
Treatment of pulmonary disease caused by Mycobacterium kansasi: re-
sults of 18 vs 12 months’ chemotherapy. Tuber Lung Dis 1995;76:104-108.

Subcommittee of the Joint Tuberculosis Committee of the British Thoracic
Society. Management of opportunist mycobacterial infections: Joint Tu-
berculosis Committee guidelines 1999. Thorax 2000;55:210-218.

Levine B, Chaisson RE. Mycobacterium kansasii: a cause of treatable
pulmonary disease associated with advanced human immunodefi-
ciency virus (HIV) infection. Ann Intern Med 1991;114:861-868.

Wallace RJ, Swenson JM, Silcox VA, Bulen MG. Treatment of non-
pulmonary infections due to Mycobacterium fortuitum and Mycobac-
terium chelonei on the basis of in vitro susceptibilities. J Infect Dis
1985;152:500-514.

Dalovisio JR, Pankey GA, Wallace RJ Jr, Jones DB. Clinical usefulness
of amikacin and doxycycline in the treatment of infection due to
Mycobacterium fortuitum and Mycobacterium chelonei. Rev Infect Dis
1981;3:1068-1074.

Wallace RJ Jr, Tanner D, Brennan PJ, Brown BA. Clinical trial of
clarithromycin for cutaneous (disseminated) infection due to Myco-
bacterium chelonae. Ann Intern Med 1993;119:482-486.

Wallace RJ Jr. The clinical presentation, diagnosis, and therapy of cuta-
neous and pulmonary infections due to the rapidly growing mycobac-
teria Mycobacterium fortuitum and Mycobacterium chelonae. Clin
Chest Med 1989;10:419-429.

Stone MS, Wallace RJ Jr, Swenson JM, Thornsberry C, Christiensen
LA. An agar disk elution method for clinical susceptibility testing of
Mycobacterium marinum and the Mycobacterium fortuitum-complex
to sulfonamides and antibiotics. Antimicrob Agents Chemother 1983;
34:486-493.

Swenson JM, Wallace RJ Jr, Silcox VA, Thornsberry C. Antimicrobial
susceptibility testing of 5 subgroups of Mycobacterium fortuitum and
Mycobacterium chelonae. Antimicrob Agents Chemother 1985;28:807-811.

Brown BA, Wallace RJ Jr, Onyi GO, De Rosa V, Wallace RJ I11. Activities
of four macrolides, including clarithromycin, against Mycobacterium for-
tuitum, Mycobacterium chelonae, and Mycobacterium chelonae like or-
ganisms. Antimicrob Agents Chemother 1992;36:180-184.

Wallace RJ Jr, Brown BA, Onyi G. Susceptibilities of | biovar
M. fortuitum and the two subgroups of Mycobacterium chelonae to
imipenem, cefemetazole, cefoxitin, and amoxicillin-clavulanic acid.
Antimicrob Agents Chemother 1991;35:773-775.

Daley CL, Griffith DE. Pulmonary disease caused by rapidly growing
mycobacteria. Clin Chest Med 2002;23:623-632.

Brown-Elliott BA, Wallace RJ Jr, Griffith DE, Lakey D, Moylett E,
Gareca M, Perry TR, Blinkhorn R, Hopper D. Safety and tolerance
of long-term therapy of linezolid for mycobacterial and nocardial dis-
ease with a focus on once daily therapy. Presented at the 40th Annual
Meeting of the Infectious Diseases Society of America. 2002;609:151.

Wallace RJ Jr, Brown BA, Onyi GO. Skin, soft tissue, and bone infections
due to Mycobacterium chelonae: importance of prior corticosteroid ther-
apy, frequency of disseminated infections, and resistance to oral antimicro-
bials other than clarithromycin. J Infect Dis 1992;166:405-412.

Kiehn TE, Hoefer H, Bottger EC, Ross R, Wong M, Edwards F, Antinoff
N, Armstrong D. Mycobacterium genavense infections in pet animals.
J Clin Microbiol 1996;34:1840-1842.

Thomsen VO, Dragsted UB, Bauer J, Fuursted K, Lundgren J. Dissemin-
ated infection with Mycobacterium genavense: a challenge to physicians
and mycobacteriologists. J Clin Microbiol 1999;7:3901-3905.

Bottger EC, Teske A, Kirschner P, Bost S, Chang HR, Beer V, Hirschel
B. Disseminated “Mycobacterium genavense” infection in patients with
AIDS. Lancet 1992;340:76-80.

Fournier S, Vincent V. Mycobacterium genavense and cutaneous disease
in AIDS. Ann Intern Med 1998;128:409.



American Thoracic Society Documents

369.

370.

371

372.

373.

374,

375.

376.

377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

Gaynor CD, Clark RA, Koontz FP, Emler S, Hirschel B, Schlesinger LS.
Disseminated Mycobacterium genavense infection in two patients with
AIDS. Clin Infect Dis 1994;18:455-457.

Albrecht H, Rusch-Gerdes S, Stellbrink HJ, Greten H, Jackle S. Dissem-
inated Mycobacterium genavense infection as a cause of pseudo-
Whipple’s disease and sclerosing cholangitis. Clin Infect Dis 1997;25:
742-743.

Weinberger MS, Berg L, Feuerstein IM, Pizzo PA, Witebsky FG. Dissem-
inated infection with Mycobacterium gordonae: report of a case and
critical review of the literature. Clin Infect Dis 1992;14:1229-1239.

Aguado JM, Gomez-Garcies JL, Manrique A, Soriano F. Pulmonary
infection by Mycobacterium gordonae in an immunocompromised pa-
tient. Diagn Microbiol Infect Dis 1987;7:261-263.

Bonnet EP, Massip R, Bauriaud LA, Auvergnat JC. Disseminated Myco-
bacterium gordonae infection in a patient infected with human im-
munodeficiency virus. Clin Infect Dis 1996;23:644-645.

Rusconi S, Gori A, Vago L, Marchetti G, Franzetti F. Cutaneous infection
caused by Mycobacterium gordonae in a human immunodeficiency
virus—infected patient receiving antimycobacterial treatment. Clin
Infect Dis 1997;25:1490-1491.

Harro CG, Braden L, Morris AB, Lipkowitz GS, Madden RL. Failure
to cure Mycobacterium gordonae peritonitis associated with continuous
ambulatory peritoneal dialysis. Clin Infect Dis 1997;24:955-957.

Bagarazzi ML, Watson B, Kim LK, Hogarty M, McGowan KL.
Pulmonary Mycobacterium gordonae infection in a two-year-old child:
case report. Clin Infect Dis 1996;22:1124-1125.

Tokars JI, McNeil MM, Tablan OC, Chapin-Robertons K, Patterson
JE, Edberg SC, Jarvis WR. Mycobacterium gordonae pseudoinfection
associated with a contaminated antimicrobial solution. J Clin Microbiol
1990;28:2765-2769.

Gubler JG, Salfinger HM, von Graevenitz A. Pseudoepidemic of nontu-
berculous mycobacteria due to a contaminated bronchoscope clearing
machine: report of an outbreak and review of the literature. Chest
1992;101:1245-1249.

Panwalker AP, Fuhse E. Nosocomial Mycobacterium gordonae pseudoinfec-
tion from contaminated ice machines. Infect Control 1986;7:67-70.

Arrow PM, Bakir M, Thompson K, Bova JL. Endemic contamination of
clinical specimens by Mycobacterium gordonae. Clin Infect Dis 2000;31:
472-476.

Metchock BG, Nolte FS, Wallace RJ Jr. Mycobacterium. In: Murray PR,
editor. Manual of clinical microbiology, 7th ed. Washington, DC: ASM
Press; 1999. pp. 399-437.

Brown BA, Wallace RJ Jr, Onyi GO. Activities of clarithromycin against
eight slowly growing species of nontuberculous mycobacteria, deter-
mined by using a broth microdilution MIC system. Antimicrob Agents
Chemother 1992;36:1987-1990.

Rasogi N, Goh KS, Guillou N, Labrousse V. Spectrum of drugs against
atypical mycobacteria: how valid is the current practice of drug suscepti-
bility testing and the choice of drugs? IntJ Med Microbiol Virol Parasi-
tol Infect Dis 1992;277:474-484.

Artenstein AW, Fritzinger D, Gasser RA Jr, Skillman LP, McEvoy PL,
Hadfield TL. Infection due to Mycobacterium haemophilum identified
by whole cell lipid analysis and nucleic acid sequencing. Clin Infect
Dis 1994;19:1155-1157.

Bernard EM, Edwards FF, Kiehn TE, Brown ST, Armstrong D. Activities
of antimicrobial agents against clinical isolates of Mycobacterium
haemophilum. Antimicrob Agents Chemother 1993;37:2323-2326.

Rogers PL, Walker RE, Lane HC, Witebsky FG, Kovacs JA, Parrillo
JE, Masur H. Disseminated Mycobacterium haemophilum infection in
two patients with the acquired immunodeficiency syndrome. Am J
Med 1988;84:640-642.

Straus WL, Ostroff SM, Jernigan DB, Kiehn TE, Sordillo EM, Armstrong
D, Boone N, Schneider N, Kilburn JO, Silcox VA, et al. Clinical
and epidemiologic characteristics of Mycobacterium haemophilum, and
emerging pathogen in immunocompromised patients. Ann Intern Med
1994;120:118-125.

Ryan CG, Dwyer BW. New characteristics of Mycobacterium haemophi-
lum. J Clin Microbiol 1983;18:976-977.

Dobos KM, Quinn FD, Ashford DA, Horsburgh CR, King CH. Emer-
gence of a unique group of necrotizing mycobacterial diseases. Emerg
Infect Dis 1999;5:367-378.

Graybill R Jr. Treatment of Mycobacterium haemophilum infection in a
murine model with clarithromycin, rifabutin, and ciprofloxacin. Antimi-
crob Agents Chemother 1995;39:2316-2319.

Brown BA, Thibert L, Wanger A. Use of E test for clarithromycin
susceptibility testing of Mycobacterium haemophilum [abstract U-20].

392.

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

408.

409.

410.

411

412.

413.

414.

415

Presented at the 98th General Meeting of the American Society for
Microbiology. Atlanta, GA: 1998;498.

McBride ME, Rudolph AH, Tschen JA, Cernoch P, Davis J, Brown BA,
Wallace RJ Jr. Diagnostic and therapeutic considerations for cutaneous
Mycobacterium haemophilum infections. Arch Dermatol 1991;127:276-277.

Kristjansson M, Bieluch VM, Byeff PD. Mycobacterium haemophilum
infection in immunocompromised patients: case report and review of
the literature. Rev Infect Dis 1991;13:906-910.

Plemmons RM, McAllister CK, Garces MC, Ward RL. Osteomyelitis due
to Mycobacterium haemophilum in a cardiac transplant patient: case
report and analysis of interactions among clarithromycin, rifampin, and
cyclosporine. Clin Infect Dis 1997;24:995-997.

Fraser VVJ, Jones M, Murray PR, Medoff G, Zhang Y, Wallace RJ Jr.
Contamination of flexible fiberoptic brochoscopes with Mycobacterium
chelonae linked to an automated bronchoscope disinfection machine.
Am Rev Respir Dis 1992;145:853-855.

Moore JS, Christensen M, Wilson RW, Wallace RJ Jr, Zhang Y, Nash
DR, Shelton B. Mycobacterial contamination of metalworking fluids:
involvement of a possible new taxon of rapidly growing mycobacteria.
AIHAJ 2000;61:205-213.

Henriques B, Hoffner SE, Petrini B, Juhlin I, Wahlen P, Kallenius G.
Infection with Mycobacterium malmoense in Sweden: report of
221cases. Clin Infect Dis 1994;18:596-600.

Gannon M, Otridge B, Hone R, Dervan P, O’Loughlin S. Cutaneous
Mpycobacterium malmoense infection in an immunocompromised pa-
tient. Int J Dermatol 1990;29:149-150.

Zenone T, Boibieux A, Tigaud S, Fredenucci JF, Vincent V, Peyramond
D. Nontuberculous mycobacterial tenosynovitis: report of two cases.
Clin Infect Dis 1998;26:1467-1468.

Buchholz UT, McNeill MM, Keyes LE, Good RC. Mycobacterium mal-
moense infections in the United States, January 1993 through June
1995. Clin Infect Dis 1998;27:551-558.

Butler WR, Floyd MM, Silcox V, Cage G, Desmond E, Duffey P, Gutherz
L, Gross W, Jost K, Ramos L, et al. Mycolic acid pattern standards for
HPLC identification of mycobacteria Butler. Washington, DC: U.S.
Department of Health and Human Services; 1999.

Research Committee of the British Thoracic Society. Pulmonary disease
caused by M. malmoense in HIV negative patients: 5-yr follow-up of
patients receiving standardized treatment. Eur Respir J 2003;21:478-482.

Chocarra A, Gonzalez Lopez A, Breznes MF, Canut A, Rodriguez J, Diego
JM. Disseminated infection due to Mycobacterium malmoense in a patient
infected with human immunodeficiency virus. Clin Infect Dis 1994;19:203—
204,

Schroder KH, Juhlin I. Mycobacterium malmoense sp. nov. Int J Syst
Bacteriol 1977;27:241-246.

Hoffner SE. Pulmonary infections caused by less frequently encountered
slow-growing environmental mycobacteria. Eur J Clin Microbiol Infect
Dis 1994;13:937-941.

Hoffner SE, Henriques B, Petrini B, Kallenius G. Mycobacterium
malmoense: an easily missed pathogen. J Clin Microbiol 1991;29:2673—
2674.

Lewis FM, Marsh BJ, von Reyn CF. Fish tank exposure and cutaneous
infections due to Mycobacterium marinum: tuberculin skin testing, treat-
ment, and prevention. Clin Infect Dis 2003;37:390-397.

Wolinsky E, Gomez F, Zimpfer F. Sporotrichoid Mycobacterium marinum
infection treated with rifampin-ethambutol. Am Rev Respir Dis 1972;
105:964-967.

Jernigan JA, Farr BM. Incubation period and sources of exposure for
cutaneous Mycobacterium marinum infection: a case report and review
of the literature. Clin Infect Dis 2000;31:439-443.

Aubry A, Chosidow O, Caumes E, Robert J, Cambau E. Sixty-three cases
of  Mycobacterium marinum infection. Arch Intern Med 2002;
162:1746-1752.

Band JD, Ward JI, Fraser DW, Peterson NJ, Silcox VA, Good RC,
Ostroy PR, Kennedy J. Peritonitis due to a Mycobacterium chelonei-
like organism associated with intermittent chronic peritoneal dialysis.
J Infect Dis 1982;145:9-17.

Wallace RJ Jr, Silcox VA, Tsukamura M, Brown BA, Kilburn JO, Butler
WR, Onyi G. Clinical significance, biochemical features, and susceptibil-
ity patterns of sporadic isolates of the Mycobacterium chelonae-like
organism. J Clin Microbiol 1993;31:3231-3239.

Swanson DS, Pan X, Musser JM. Identification and subspecific differentia-
tion of Mycobacterium scrofulaceum by automated sequencing of a
region of the gene (hsp65) encoding a 65-kilodalton heat shock protein.
J Clin Microbiol 1996;34:3151-3159.

Turenne CY, Cook VJ, Burdz TV, Pauls RJ, Thibert L, Wolfe JN, Kabani
A. Mycobacterium parascrofulaceum sp. nov., novel slowly growing



416

415.

416.

417.

418.

419.

420.

421.

422.

423.

424,

425.

426.

427.

428.

429.

430.

431

432.

433.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 175 2007

scotochromogenic clinical isolate related to Mycobacterium simiae. Int
J Syst Evol Microbiol 2004;54:1543-1551.

Hsueh PR, Hsiue TR, Jarn JJ, Ho SW, Hsieh WC. Disseminated infection
due to Mycobacterium scrofulaceum in an immunocompetent host. Clin
Infect Dis 1996;22:159-161.

LeMense GP, VanBakel AB, Crumbley AJ 111, Judson MA. Mycobacte-
rium scrofulaceum infection presenting as lung nodules in a heart trans-
plant recipient. Chest 1994;106:1918-1920.

Sanders JW, Walsh AD, Snider RL, Sahn EE. Disseminated Mycobacte-
rium scrofulaceum infection: a potentially treatable complication of
AIDS. Clin Infect Dis 1995;30:444-453.

Lavy A, Yoshpe-Purer Y. Isolation of Mycobacterium simiae from clinical
specimens in Israel. Tubercle 1992;63:279-285.

Valero G, Peters J, Jorgensen H, Graybill JR. Clinical isolates of Mycobac-
terium simiae in San Antonio, Texas. Am J Crit Care Med 1995;
152:1555-1557.

Rymkicwicz DL, Ampel NM. Lack of clinical significance of Mycobacterium
simiae. Presented at the 34th Annual Meeting of the Infectious Disease
Society of America, Orlando, FL, 1994. Abstract No. 305.p.Y2.

Crossey MJ, Yakrus MA, Cook MB, Rasmussen SK, McEntee TM, Olde-
wage KB, Ferguson RB, McLaughlin JC. Isolation of Mycobacterium
simiae in a southwestern hospital and typing by multilocus enzyme
electrophoresis. Presented at the 94th General Meeting, American Soci-
ety for Microbiology, Las Vegas, NV. Abstract No. LJ38, 179.

Hana M, Sahly EL, Septimus E, Hanna S, Septimus J, Wallace RJ Jr,
Williams-Bouyer XP, Musser JM, Graviss EA. Mycobacterium simiae
pseudo-outbreak resulting from a contaminated hospital water supply
in Houston, Texas. Clin Infect Dis 2002;35:802-807.

Wallace RJ Jr, Nash DR, Tsukamura M, Blacklock ZM, Silcox VA.
Human disease due to Mycobacterium smegmatis. J Infect Dis 1980;
158:52-59.

Tortoli E, Besozzi G, Lacchini C, Penati V, Simonetti MT, Emler S.
Pulmonary infection due to Mycobacterium szulgai: case report and
review of the literature. Eur Respir J 1998;11:975-977.

Sanchez-Alarcos JMF, de Miguel-Diez J, Bonilla I, Sicilia JJ, Alvarez-
Sala JL. Pulmonary infection due to Mycobacterium szulgai. Respiration
2003;70:533-536.

Benator DA, Khan V, Gordin FM. Mycobacterium szulgai infection of
the lung: case report and review of an unusual pathogen. Am J Med
Sci 1997;313:346-351.

Nakayama S, Fujii T, Kadota J, Sawa H, Hamabe S, Tanaka T, Mochinaga
N, Tomono K, Kohmo S. Pulmonary mycobacteriosis caused by rifampi-
cin-resistant Mycobacterium szulgai. Intern Med 2000;39:309-312.

Tsuyuguchi K, Amitani R, Matsumoto H, Tanaka E, Suzuki K, Yanagihara
K, Mizuno H, Hitomi S, Kuze K. A resected case of Mycobacterium
szulgai pulmonary disease. Int J Tuberc Lung Dis 1998;2:258-260.

Torkko P, Suutari M, Suomalainen S, Paulin L, Larsson L, Katila ML.
Separation among species of Mycobacterium terrae complex by lipid
analyses: comparison with biochemical tests and 16S rRNA sequencing.
J Clin Microbiol 1998;36:499-505.

Ridderhof JC, Wallace RJ Jr, Kilburn JO, Butler WR, Warren NG, Tsuka-
mura M, Steele LC, Wong ES. Chronic tenosynovitis of the hand due
to Mycobacterium nonchromogenicum: use of high-performance liquid
chromatography for identification of isolates. Rev Infect Dis 1991;13:
857-864.

Smith DS, Lindholm-Levy P, Huit GA, Heifets LB, Cook JL. Mycobacte-
rium terrae: case reports, literature review, and in vitro antibiotic suscep-
tibility testing. Clin Infect Dis 2000;30:444-453.

Kuze FA, Mitsuoka W, Chiba Y, Shimizu MI, Teramatsu NM, Suzuki Y.
Chronic pulmonary infection caused by Mycobacterium terrae complex:
a resected case. Am Rev Respir Dis 1993;128:561-565.

Peters EJ, Morice R. Miliary pulmonary infection caused by Mycobacte-
rium terrae in an autologous bone marrow transplant patient. Chest
1991;100:1449-1450.

434,

435.

436.

437.

438.

439.

440.

441.

442.

443,

444,

445,

446.

447.

448.

449.

450.

451.

Chan TH, Ng KC, Ho A, Scheel O, Lai CKW, Leung R. Urinary tract
infection caused by Mycobacterium terrae complex. Tuber Lung Dis
1996;77:555-557.

Brown-Elliott BA, Crist CJ, Mann LB, Wilson RW, Wallace RJ Jr. In
vitro activity of linezolid against slowly growing nontuberculous myco-
bacteria. Antimicrob Agents Chemother 2003;47:1736-1738.

van der Werf TS, Stienstra Y, Johnson RC, Phillips R, Adjei O, Fleischer
B, Wansbrough-Jones MH, Johnson PD, Portaels F, van der Graaf
WT, et al. Mycobacterium ulcerans disease. Bull World Health Organ
2005;83:785-791.

Sizaire V, Nackers F, Comte E, Portaels F. Mycobacterium ulcerans infection:
control, diagnosis, and treatment. Lancet Infect Dis 2006;6:288-296.

Marston BJ, Diallo MO, Horsburgh CR, Dziomande 1, Saki MZ, Kanga
P, Gibery H, Lipman B, Ostroff SM, Good RC. Emergence of Buruli
ulcer in the Daloa region of Cote d’lvoire. Am J Trop Med Hyg 1995;
52:219-224.

Gross WM, Hawkins JE, Murphy DB. Origin and significance of Mycobac-
terium xenopi in clinical specimens. Bull Int Union Tuberc Lung Dis
1976;51:267-269.

Desplaces N, Picardeau M, Dinh V, Leonard PH, Mamoudy P, Raguin G,
Ziza JM, Duhrou S, Vincent V. Spinal infections due to Mycobacterium
xenopi after discectomies. Presented at the 35th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, San Francisco, CA,
1995. Abstract No. J 162.

Bennett SN, Peterson DE, Johnson DR, Hall WN, Robinson-Dunn B,
Dietrich S. Bronchoscopy-associated Mycobacterium xenopi pseudoin-
fections. Am J Respir Crit Care Med 1994;150:245-250.

Costrini AM, Mahler DA, Gross WM, Hawkins JE, Yesner R, D’Esopo
D. Clinical and roentgenographic features of nosocomial pulmonary
disease due to Mycobacterium xenopi. Am Rev Respir Dis 1981;123:
104-109.

Jenkins PA, Campbell IA; Research Committee of the British Thoracic
Society. Pulmonary disease caused by Mycobacterium xenopi in HIV-
negative patients: five year follow-up of patients receiving standardized
treatment. Respir Med 2003;97:439-444.

Faress JA, McKinney LA, Semaan MT, Byrd RP Jr, Mehta JB, Roy TM.
Mycobacterium xenopi pneumonia in the southeastern United States.
South Med J 2003;96:596-599.

Research Committee of the British Thoracic Society. First randomized
trial of treatments for pulmonary disease caused by Mycobacterium
avium intracellulare, Mycobacterium malmoense, and Mycobacterium
xenopi in HIV negative patients: rifampicin, ethambutol and isoniazid
versus rifampicin and ethambutol. Thorax 2001;56:167-172.

Donnabella V, Salazar-Schicchi J, Bonk S, Hanna B, Rom WN. Increasing
incidence of Mycobacterium xenopi at Bellevue Hospital: an emerging
pathogen or a product of improved laboratory methods? Chest
2000;118:1365-1370.

Andries K, Verhasselt P, Guillemont J, Gohlmann WH, Neefs JM, et al.
A diarylquinoine drug active on the ATP synthase of Mycobacterium
tuberculosis. Science 2005;307:223-227.

Hanak V, Kalra S, Aksamit TR, Hartman TE, Tazelaar HD, Ryu JH.
Hot tub lung: presenting features and clinical course of 21 patients.
Respir Med 2006;100:610-615.

Kobashi Y, Matsushima T, Oka M. A double-blind randomized study of
aminoglycoside infusion with combined therapy for pulmonary Myco-
bacterium avium complex disease. Respir Med 2007;101:130-138.

Kobashi Y, Yoshida K, Miyashita N, Niki Y, Oka M. Relationship between
clinical efficacy of treatment of pulmonary Mycobacterium avium com-
plex disease and drug-sensitivity testing of Mycobacterium avium com-
plex isolates. J Infect Chemother 2006;12:195-202.

Astagneau P, Desplaces N, Vincent V, Chicheportiche V, Botherel A,
Maugat S, Lebascle K, Leonard P, Desenclos J, Grosset J, et al. Myco-
bacterium xenopi spinal infections after discovertebral surgery: investiga-
tion and screening of a large outbreak. Lancet 2001;358:747-751.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColorForImages
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 999
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice


