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Nontuberculous mycobacteria (NTM) are ubiquitous environmental organisms. In immunocompetent hosts, they are a rare

cause of disease. In immunocompromised hosts, disease due to NTM is well documented. Reports of NTM disease have

increased in hematopoietic stem cell transplant (HSCT) and solid organ transplant (SOT) recipients. This increase may reflect

increased numbers of transplants, intensification of immune suppressive regimens, prolonged survival of transplant recipients,

and/or improved diagnostic techniques. The difficulty of diagnosis and the impact associated with infections due to NTM

in HSCT and SOT recipients necessitates that, to ensure prompt diagnosis and early initiation of therapy, a high level of

suspicion for NTM disease be maintained. The most common manifestations of NTM infection in SOT recipients include

cutaneous and pleuropulmonary disease, and, in HSCT recipients, catheter-related infection. Skin and pulmonary lesions

should be biopsied for histologic examination, special staining, and microbiologic cultures, including cultures for bacteria,

Nocardia species, fungi, and mycobacteria. Mycobacterial infections associated with catheters may be documented by tunnel

or blood (isolator) cultures. Susceptibility testing of mycobacterial isolates is an essential component of optimal care. The

frequent isolation of NTM other than Mycobacterium avium complex (MAC) from transplant recipients limits the extrapolation

of therapeutic data from human immunodeficiency virus–infected individuals to the population of transplant recipients.

Issues involved in the management of NTM disease in transplant recipients are characterized by a case of disseminated

infection due to Mycobacterium avium complex in a lung transplant recipient, with a review of the relevant literature.

Nontuberculous mycobacteria (NTM) are ubiquitous environ-

mental organisms that have generally been considered an un-

common cause of human disease. Before the AIDS epidemic,

most cases presented as indolent, cavitating pulmonary infec-

tions in persons with other underlying lung diseases, such as

chronic obstructive pulmonary disease (COPD) or previous

tuberculosis [1, 2]. During the 1980s, pulmonary and dissem-

Received 5 November 2003; accepted 7 January 2004; electronically published 30 April
2004.

Conflict of interest: J.A.F. is a consultant for Athelas, Gilead Pharmaceuticals, and Novartis;
he is a member of the Speakers’ Bureau of Fujisawa Healthcare, Pharmacia-Upjohn, Roche,
and Pfizer; he is on the Drug Safety Monitoring Board of the Immune Tolerance Network of
the National Institutes of Health; and he has received educational or research grant support
from Fujisawa Healthcare and Roche Pharmaceuticals.

Reprints or correspondence: Dr. Jay A. Fishman, Infectious Disease Div., Massachusetts
General Hospital, 55 Fruit St.; GRJ 504, Boston, MA 02114 (jfishman@partners.org).

Clinical Infectious Diseases 2004; 38:1428–39
� 2004 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2004/3810-0017$15.00

inated infections due to the more common NTM (e.g., My-

cobacterium avium, Mycobacterium intracellulare, some strains

of Mycobacterium scrofulaceum, and some unclassified strains)

emerged as complications of AIDS and were termed M. avium

complex (MAC) infections [3, 4]. Subsequently, a syndrome of

predominantly midlung zone bronchiectasis with MAC pul-

monary infection was described in otherwise healthy middle-

aged women [5, 6].

Mycobacterial infections after receipt of a transplant have

increased in frequency and severity, reflecting both increased

exposure and improved diagnostic methods. In countries where

tuberculosis is endemic, infections due to M. tuberculosis are

more frequent than are infections due to NTM [7–11]. In coun-

tries with lower incidences of tuberculosis, NTM infections

predominate [12–15]. In the absence of mandatory reporting

of infections, the true incidence of NTM disease in the general

population and in the population of transplant recipients can
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only be estimated. In the United States, the annual rate of NTM

isolation, on the basis of laboratory surveillance, is estimated

to be 7.5–8.2 cases of NTM isolation per 100,000 population

[16]. As these data were collected in the absence of clinical

information, the actual incidence of NTM disease cannot be

determined. Among recipients of hematopoietic stem cell trans-

plants (HSCTs), the incidence of NTM infection ranges from

0.4% to 4.9% [12, 15, 17–19], which is 50–600 times greater

than in the general population. Among renal transplant recip-

ients, the incidence of NTM infection is between 0.16% and

0.38% [8, 20–25]. Slightly higher rates are reported in recipients

of heart transplants (0.24%–2.8% of recipients [13, 26]) and

lung transplants (0.46%–2.3% of recipients [14, 27]). The only

systematic study of mycobacterial infection in liver transplant

recipients reported an incidence of 0.04%, which may reflect

local epidemiology, underdiagnosis, or a truly low incidence of

infection [28].

We report a case of disseminated MAC infection in a lung

transplant recipient, and we review the clinical manifestations

and the difficulties in diagnosis and management of NTM in-

fections in hematopoietic and solid organ transplant (SOT)

recipients.

CASE REPORT

A 46-year-old woman presented with fever and abdominal pain

10 months after receiving a single left-lung transplant for treat-

ment of lymphangioleiomyomatosis. Because of her underlying

disease, she had persistent chylous ascites. Her posttransplan-

tation course of therapy was complicated by several episodes

of acute rejection that required intermittent high-dose therapy

with steroids. She received cyclosporine (200 mg each morning

225 mg each evening) and prednisone (30 mg/day).

At presentation, she had a 3-week history of fever and lower

abdominal pain. A CT scan of the abdomen revealed ascites,

retroperitoneal lymphadenopathy, and a right-side retroperi-

toneal mass. Diagnostic paracentesis was performed. An acid-

fast smear of ascitic fluid revealed rare (grade 1+) acid-fast

bacilli; mycobacterial cultures grew MAC. Mycobacterial cul-

tures of pleural fluid, bronchial washings, blood, and aspirates

of the retroperitoneal mass consistent with necrotic lymph

nodes also grew MAC. The patient began to receive therapy

with rifabutin, ethambutol, levofloxacin, and azithromycin

(pending in vitro susceptibility data); her prednisone dosage

was reduced to 20 mg/day.

The patient’s condition initially improved, with resolution

of her fever and abdominal pain, and she was discharged from

the hospital 4 weeks after admission. One week after discharge

from the hospital, she was readmitted with increasing abdom-

inal pain, recrudescence of her fever, and an increase in retro-

peritoneal adenopathy (revealed on a CT scan). Clofazamine

and streptomycin were added to the patient’s treatment regimen

pending the results of susceptibility testing of the original blood

isolate.

The patient developed dyspnea with “ground-glass” opacities

in the transplanted lung consistent with graft rejection precip-

itated by the reduction in the prednisone dosage. She was

treated with high-dose steroids, but her condition progressed

to hypoxemic respiratory failure, and the patient required in-

tubation. Empirical treatment with broad-spectrum antimicro-

bials, including cefepime, vancomycin, metronidazole, and cas-

pofungin, was administered. Additional complications included

cytomegalovirus (CMV) infection (detected by an antigenemia

assay), which was treated with intravenous ganciclovir, and

acute renal failure, which necessitated discontinuation of strep-

tomycin therapy.

The patient recovered from respiratory and renal failure; no

new infections were identified. Her blood cultures remained

positive for MAC for 3 months after the initial positive culture

result. The isolate was determined to be susceptible to clarith-

romycin and clofazamine, intermediately susceptible to etham-

butol, and resistant to all other agents that were tested (cip-

rofloxacin, moxifloxicin, rifampin, rifabutin, kanamycin,

cycloserine, ethionamide, amikacin, and streptomycin). After

6 months of therapy with a regimen of rifabutin, azithroycin,

ethambutol, clofazamine, and levofloxacin, the patient’s con-

dition was clinically improved. Immunosuppressive therapy in-

cludes cyclosporine and prednisone (20 mg/day). Despite gas-

trointestinal upset related to therapy for MAC, the patient will

continue her current therapy for an additional 3 months and

will then receive long-term maintenance therapy with rifabutin,

ethambutol, and azithromycin. To our knowledge, this is the

first case of disseminated MAC infection in a lung transplant

recipient to be reported in the literature.

METHODS

We searched MEDLINE for English language articles published

since 1966 using the medical subject heading (MeSH) database

headings “Mycobacterium,” “mycobacteria, atypical,” “Myco-

bacterium infections, atypical,” “Mycobacterium avium com-

plex,” “Mycobacterium chelonae,” “Mycobacterium fortuitum,”

“Mycobacterium kansasii,” “Mycobacterium marinum,” “My-

cobacterium scrofulaceum,” “Mycobacterium smegmatis,” “My-

cobacterium ulcerans” OR “Mycobacterium xenopi” AND

“transplantation” or “bone marrow transplantation” OR “im-

munocompromised host.” We searched reference lists to iden-

tify additional reports of NTM infection in transplant recipi-

ents. There have been a total of 276 such cases reported, 93 in

HSCT recipients, and 183 in SOT recipients.

Clinical manifestations of NTM disease in HSCT recipi-

ents. Several series have reviewed NTM infections in HSCT
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recipients. The reported incidence of disease in this population

ranges from 0.4% to 4.9% [12, 15, 17–19]. Ninety-three cases

of NTM infection in HSCT recipients have been reported [12,

15, 17–19, 29–43]. For these patients, the median time between

transplantation and presentation was 4.6 months. Their median

age was 32 years, and the incidence was equal for male and

female patients. Graft-versus-host disease was present in 43

(46%) of the cases.

The clinical manifestations of NTM disease in HSCT and

SOT recipients are displayed in table 1. The clinical manifes-

tations of disease in HSCT recipients differed from those in

SOT recipients. The most common manifestation of NTM dis-

ease in HSCT recipients was central venous catheter–related

infection (in 34 [37%] of cases), including 7 exit site–related,

8 tunnel-related, and 19 catheter-related blood stream infec-

tions. Pulmonary disease (in 28 cases), cutaneous disease (in

17 cases) and disseminated disease (in 11 cases) are commonly

reported.

The most frequently isolated species in HSCT recipients are

rapidly growing mycobacteria, including M. fortuitum (in 15

cases), Mycobacterium abscessus (in 11 cases), M. chelonae (in

12 cases), Mycobacterium mucogenicum (in 2 cases), Mycobac-

terium fortuitum-chelonae (in 2 cases), and Mycobacterium

neoaurum (in 1 case), accounting for 43 (45%) of 95 isolates.

MAC and/or M. avium intracellulare (in 26 cases) and M. hae-

mophilum (in 22 cases) are also common. MAC and/or M.

avium infection are most often associated with pulmonary or

disseminated disease. The rapidly growing isolates have been

predominately associated with catheter-related infections. The

presence of M. haemophilum has been reported more frequently

in HSCT recipients than in SOT recipients, usually in associ-

ation with pulmonary or cutaneous disease but also in asso-

ciation with disseminated, osteoarticular, and catheter-related

disease.

Clinical manifestations of NTM disease in SOT recipi-

ents. Nontuberculous mycobacterial disease has been re-

ported in 94 recipients of kidney transplants [1, 8, 20–25, 33,

44–92], 22 recipients of lung transplants [14, 27, 93–98], 34

recipients of heart transplants [13, 33, 61, 99–111], and 8 re-

cipients of liver transplants [28, 61, 112–117]. Rapidly growing

mycobacteria have been associated with disease in SOT recip-

ients less often than in HSCT recipients. Among cases of NTM

disease in SOT recipients, rapidly growing isolates account for

41%, 9%, and 9% of isolates from renal, heart, and lung trans-

plant recipients, respectively. Mycobacterium kansasii has only

been reported to cause disease in 1 HSCT recipient, but it is

the most common isolate reported in heart transplant recipients

(12 [35%] of 34 isolates) and the second most common isolate

in renal recipients (23 [24%] of 95).

In contrast to HSCT recipients among whom cutaneous dis-

ease has accounted for !20% of reported cases of infection, for

renal and heart transplant recipients, localized or disseminated

cutaneous disease is the most commonly reported manifesta-

tion of NTM (in approximately one-third of cases). Pleuro-

pulmonary NTM disease is the manifestation most commonly

reported among lung transplant recipients (in 54% of reported

cases) and is common in heart transplant recipients (in 26%).

Disseminated NTM infection is also common in SOT recip-

ients. Among renal transplant recipients, disseminated disease

is the second most common presentation, after cutaneous dis-

ease; in heart and lung recipients, disseminated disease is the

third most common presentation, after cutaneous and pleu-

ropulmonary disease.

Eight cases of NTM infection in liver transplant recipients

have been reported [28, 61, 112–117]. Data on the isolates and

clinical presentations from these cases are included in table 1.

In addition, 25 cases of NTM infection in multiorgan or un-

specified organ transplant recipients have been reported [14,

45, 50, 118–121]. The characteristics of these patients are sum-

marized in table 2.

Diagnosis of NTM disease. The diagnosis of NTM disease

in transplant recipients, as in immunocompetent hosts, is often

difficult. Diagnosis of significant pulmonary infection is difficult

because of the ubiquitous nature of these organisms; isolates

from sputum samples may represent colonization or laboratory

contamination, rather than disease. Given the difficulties in

diagnosis, the American Thoracic Society (ATS) published

guidelines on the diagnosis and treatment of disease due to

NTM [122]. A combination of clinical, radiographic, and bac-

teriologic criteria is required for diagnosis of NTM pulmonary

disease. Extrapulmonary disease is diagnosed through a com-

bination of clinical findings and bacteriologic findings (e.g.,

results of cultures of specimens from sterile sites) with or with-

out adjunctive histologic confirmation. These guidelines pro-

vide a comprehensive review of issues related to the diagnosis

of NTM disease [122].

Several features of the diagnosis of NTM infection in trans-

plant recipients merit emphasis. A high level of suspicion for

NTM disease is essential for rapid and accurate diagnosis. Sus-

pect cutaneous lesions in a transplant recipient should be biop-

sied for histologic examination, with use of special stains and

cultures for detection of routine bacteria as well as for Nocardia,

fungi, and mycobacteria. In HSCT recipients, catheter-related

infections are the most common manifestation of NTM disease,

and diagnosis (usually of rapidly growing NTM) is generally

made on the basis of results of routine blood cultures. The

pathogen M. haemophilum, which is common in HSCT recip-

ients, requires hemin or ferric ammonium citrate for growth;

microbiology laboratories should be notified if this organism

is suspected.

To optimize recovery of NTM, specimens should be cultured

on both solid and liquid media, and samples obtained from
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Table 2. Clinical manifestations of nontuberculous mycobacterial (NTM) disease in recipients of multiorgan trans-
plants and unspecified solid organ transplants.

Transplantation type
[reference(s)]

Patient
age, years Sex

Time to
onset,

monthsa
Mycobacterium
species isolated

Type(s) of infection
(no. of patients)

Heart-lung

[13] 29 F 5.1 M. avium Pulmonary (1)

[13] 55 F 109.1 M. abscessus Pulmonary (1)

[13] 38 M 52.7 M. avium Pulmonary (1)

[13] 24 F 12 M. avium complex Pulmonary (1)

[117] 24 F 9 M. chelonae Pulmonary (1)

“Organ transplant”b

[44, 49, 118]
… … … M. chelonae Disseminated cutaneous (13);

catheter-related (3); post-
surgical (1); cutaneous (1)

Heart and subsequent kidney [119] … M 132; 3c M. avium Prosthetic hip (1)

Kidney-pancreas [120] 45 F 96 M. marinum Disseminated cutaneous (1)

a Time from transplantation to presentation with NTM disease.
b Data are given for a total of 18 patients.
c Months after heart and kidney transplantations, respectively.

cutaneous sites should be cultured at 35�C and 28–32�C. Con-

troversy exists as to the clinical utility of comprehensive drug-

susceptibility testing of NTM isolates; however, susceptibility

testing is helpful in the management of therapy in transplant

recipients, in whom drug interactions and toxicities are com-

mon. This includes testing MAC for susceptibility to clarith-

romycin in those patients who have experienced the failure of

macrolide therapy or prophylaxis, testing M. kansasii for sus-

ceptibility to rifampin, and testing rapidly growing isolates for

susceptibility to amikacin, cefoxitin, ciprofloxacin, clarithro-

mycin, doxycycline, and sulfonamides.

Disseminated disease in SOT recipients may be more difficult

to diagnose, as in our patient. Rapidly growing isolates are less

common among SOT recipients than among HSCT recipients.

Mycobacterial isolator blood cultures should be performed for

patients with unexplained systemic illnesses. For all transplant

recipients, but particularly heart transplant and lung transplant

recipients, an aggressive approach to the diagnosis of unex-

plained or nonresolving pleuropulmonary lesions should be

used, to exclude the possibility of mycobacterial or other op-

portunistic infections. This includes sampling of pleural fluid

and/or early biopsy of lung lesions.

The ATS clinical, radiographic, and bacteriologic criteria for

NTM disease are similar for immunocompromised and im-

munocompetent individuals. The include the following: signs

and symptoms compatible with the exclusion or adequate treat-

ment of other disease; abnormal radiographic findings dem-

onstrating persistent or progressive pulmonary infiltrates, cav-

itation, multiple small nodules, or multifocal bronchiectasis;

and bacteriologic evidence of NTM in respiratory specimens

[122]. These criteria emphasize the importance of radiologic

techniques (e.g., CT scanning) in documentation of disease,

direction of invasive sampling techniques, and documentation

of response to therapy. The specific bacteriologic criteria and

the differences between the criteria for systemically immuno-

suppressed hosts, such as transplant recipients, and for other

HIV-negative hosts are outlined in table 3.

Management of NTM disease. A complete review of the

management of all NTM syndromes and their specific micro-

biologic etiologies are beyond the scope of this review (see the

ATS guidelines [122]). Some essential recommendations will

be emphasized.

As NTM are ubiquitous environmental organisms, no rec-

ommendations exist regarding avoidance of exposure, with the

exception of recommendations pertaining to M. marinum. In-

fection due to M. marinum is associated with fish tank and salt

water exposure; transplant recipients should wear gloves to

clean tanks, if necessary.

In general, treatment of NTM disease requires the use of

combinations of active antimicrobial agents for prolonged pe-

riods to achieve cure while avoiding contributing to the emer-

gence of antimicrobial resistance. The choice of agents depends

on the specific isolate, given the variability of in vitro suscep-

tibility patterns. The duration of therapy depends on the isolate,

on the site of infection, and, most importantly, on the clinical,

microbiologic, and radiologic responses to therapy.

Whenever possible, initial therapy should include a reduction

in the intensity of immunosuppressive therapy. Other contrib-

uting factors, such as concomitant viral infections (in particular,

CMV infection), should be treated. The choice of antimicrobial
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Table 3. Bacteriologic criteria for diagnosis of nontuberculous mycobacterial (NTM) pulmonary disease.

Normal hosts or patients with local immunosuppressiona Patients with systemic immunosuppressionb

At least 3 sputum or bronchial wash samples within 1 year At least 3 sputum or bronchial wash samples within 1 year

3 cultures positive for NTM with negative AFB smears or 3 cultures positive for NTM with negative AFB smears or

2 cultures positive for NTM and 1 positive AFB smear 2 cultures positive for NTM and 1 positive AFB smear

OR OR

1 bronchial wash sample and no sputum samples 1 bronchial wash sample and no sputum samples

Culture positive for NTM with grade 2+, 3+, or 4+ growth or Culture positive for NTM with grade 1+ growth or

Culture positive for NTM and AFB smear grade 2+, 3+, or 4+ Culture positive for NTM and AFB smear grade 2+, 3+, or 4+

OR OR

Tissue biopsy Tissue biopsy

Any growth on a culture of a bronchopulmonary tissue
biopsy sample

Any growth on a culture of a bronchopulmonary tissue
biopsy sample

Granuloma and/or AFB detected in a lung biopsy specimen
and �1 culture of a sputum or bronchial wash sample
positive for NTM

Granuloma and/or AFB detected in a lung biopsy specimen
and �1 culture of a sputum or bronchial wash sample
positive for NTM

Any growth on culture of a sample from a usually sterile
extrapulmonary site

Any growth on culture of a sample from a usually sterile
extrapulmonary site

NOTE. AFB, actid-fast bacilli. Adapted from [122].
a For example, alcoholism, bronchiectasis, cyanotic heart disease, cystic fibrosis, prior mycobacterial disease, pulmonary fibrosis, or smoking,

and/or chronic obstructive pulmonary disease.
b For example, leukemia, lymphoma, receipt of a solid organ transplant, HIV infection, or other systemic immunosuppression.

therapy for transplant recipients is similar to that for patients

without systemic immune suppression. However, in addition

to well-documented toxicities and interactions of drugs used

to treat NTM infection, interactions between medications for

NTM infection and immunosuppressive agents (and other

medications) are frequent.

The interactions between antimycobacterials and calcineurin

inhibitors (CNIs) or sirolimus are significant. Azithromycin

therapy may be preferred to clarithromycin therapy, as it is a

less potent cytochrome P450 (CYP450) inhibitor. Rifampin,

and to a lesser degree rifabutin, induces CYP450 enzymes with

reduced CNI levels, which may precipitate rejection of a trans-

plant. Occasionally, modification of the immunosuppressive

regimen to minimize drug interactions is considered. In all

patients, monitoring of drug levels and clinical toxicities is

essential. Anticipated interactions between the antimycobac-

terial and immunosuppressive agents are outlined in table 4.

Traditional antimycobacterial agents such as rifampin or ri-

fabutin, ethambutol, and streptomycin are often effective in

treating disease due to MAC, M. kansasii, and M. haemophilum

[123–126]. However, toxicities, including ototoxicity and ne-

phrotoxicity, are accentuated in this population. In treating M.

kansasii infections, isoniazid therapy is often effective [124,

125]. Newer macrolides (e.g., clarithromycin and azithromycin)

are the backbone of therapy for MAC [127–131], but they have

significant interactions with CNIs and sirolimus. Rapidly grow-

ing mycobacteria such as M. chelonae, M. abscessus, and M.

fortuitum are generally resistant to antituberculous agents; these

are frequently susceptible to traditional antibacterial agents,

including amikacin, ciprofloxacin, sulfonamides, cefoxitin, im-

ipenem, clarithromycin, and doxycycline [132–135]. Newer

agents (e.g., tigecycline) are under investigation [136].

Although recommendations exist for the duration of therapy

for specific diseases due to NTM (e.g., 12–18 months for treat-

ing pulmonary disease, depending on the isolate), this should

be considered a guide to the minimum duration of therapy in

transplant recipients. There are no data on which to base spe-

cific recommendations for the duration of therapy in transplant

recipients with NTM disease. In practice, prolongation of ther-

apy is often needed to achieve microbiologic cures (which are

often not achieved) or radiologic improvement; the response

to treatment is often delayed. In particular, if the intensity of

immune suppression cannot be reduced or if a high burden of

disease exists (e.g., in cases of disseminated disease or smear-

positive pulmonary disease), prolonged therapy or lifelong sup-

pression may be needed.

In addition to medical therapy, adjunctive interventions

should be considered. If disease is related to foreign bodies,

such as central venous catheters, these should be removed.

Surgical resection or debridement of infected collections or

devitalized tissue should be achieved early to allow improved

penetration of drugs, to decrease the burden of disease, and to

minimize the risk of developing resistance.

Secondary prophylaxis has been effective in preventing re-

lapse in HIV-infected patients treated for disseminated MAC

infection [137–141]. The common isolation of NTM other than
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Table 4. Interactions between immunosuppressive agents and medications used to treat infection
due to nontuberculous mycobacteria (NTM).

Medication(s) for NTM infection
Immunosuppresive

agent Anticipated reaction

Rifamycins (e.g., rifampin, rifabutin) CNIs (e.g., cyclosporin,
tacrolimus)

Decreased level of CNIs

Sirolimus Loss of sirolimus efficacy

Steroids Decreased steroid effectiveness

Macrolides (e.g., clarithromycin,
azithromycin)

CNIs (e.g., cyclosporin,
tacrolimus)

Increased CNI level and risk of toxicity

Ethambutol NS NA

Aminoglycosides (e.g., strepto-
mycin, amikacin)

CNIs (e.g., cyclosporin,
tacrolimus)

Possible additive or synergistic risk of
renal impairment

Clofazamine NS NA

Fluoroquinolones NS NA

Isoniazid NS NA

Doxycicline NS NA

Cefoxitin NS NA

Imipenem Cyclosporin May result in neurotoxicity (manifested,
e.g., as mental confusion, agitation,
and/or tremor)

NOTE. CNIs, calcineurin inhibitors; NA, not applicable; NS, no significant interaction.

MAC in transplant recipients and the absence of clinical trial

data limit the extrapolation of prophylaxis data from HIV-

infected individuals to transplant recipients.

Of reported cases of NTM disease in transplant recipients,

relapses were managed with an additional course of prolonged

medical therapy with or without surgical intervention. In only

1 case (that of a renal transplant recipient with septic arthritis

due to MAC) was long-term prophylaxis initiated. In general,

life-long prophylaxis after therapy might be preferred for tissue-

invasive infections (i.e., infections other than catheter-related

bacteremia or well-localized infection), given the inability to

stop immune suppression in SOT recipients and some HSCT

recipients. However, mortality attributable to NTM infection

is modest, and toxicities may be insurmountable. If selected,

prophylactic therapy should be based on antimicrobial suscep-

tibilities of mycobacterial isolates. Unfortunately, the use of

clarithromycin, azithromycin, rifampin, or rifabutin as single

agents for secondary prophylaxis, although reasonable, may be

ineffective in patients with persistent immune suppression and

may induce antimicrobial resistance. Thus, secondary prophy-

laxis regimens for NTM infection in patients who receive trans-

plants should be developed with experts in treating such in-

fections in complex patients, and the development of such

regimens should involve consideration of disease severity, the

ability to decrease immunosuppression, the perceived risk of

relapse, and the risk of inducing resistance.

Prognosis of NTM disease. The outcome of NTM disease

in transplant recipients is highly variable. This is due to a num-

ber of factors, including the type of transplant, the ability to

decrease immunosuppression, the site and extent of NTM in-

fection, the specific NTM isolate, and the availability of effective

antimycobacterial therapies.

In the 93 cases of NTM infection in HSCT recipients that

were identified in the literature, the outcomes of 58 (62%) of

93 cases were reported to be “resolved” or “cured” with medical

therapy. In most cases of catheter-related infection, the catheter

was removed in conjunction with medical therapy. In 7 (7.5%)

of 93 patients, death was attributable to NTM disease. Three

patients died as a result of pulmonary disease associated with

M. hemophilum [19, 34–36, 42], 1 as a result of pulmonary

disease due to M. xenopi [19], 2 as a result of catheter-related

blood stream infections due to M. fortuitum [12, 19], and 1 as

a result of disseminated MAC [41]. In 1 patient with dissem-

inated MAC and 1 patient with M. fortuitum catheter-related

infection, death occurred prior to diagnosis.

Among recipients of renal allografts, 41 (44%) of 94 were

cured or had complete resolution of NTM infection with initial

therapy. Disease relapsed in 16 (17%) of the patients, and 14

(15%) of the patients had persistent disease that required mod-

ification of medical therapy and/or surgical intervention. In 3

(3.2%) of the cases, death was attributed to NTM infection.

Death occurred in 2 patients with disseminated disease, 1 of

whom had infection due to MAC [62], and 1 of whom had

infection due to M. fortuitum [22]. In 1 case, death occurred

due to pulmonary infection with M. kansasii [91]. One addi-

tional patient died early in the course of disseminated M. kan-

sasii infection with concomitant disseminated CMV disease

[55].
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Among heart transplant recipients, 11 (32%) of 34 patients

had resolution of infection with medical therapy. Nine (26%)

of 34 patients died of other causes but had evidence of NTM

infection at time of death. Of 22 lung transplant recipients with

reported cases of NTM infection, 7 (32%) had infections that

cleared with therapy, and 8 (36%) experienced an improvement

in their condition while receiving therapy. In 2 patients, disease

relapsed after discontinuation of treatment, and 5 (23%) of the

patients had minimal or no response to therapy. One of these

was a 20-year-old man who died with disseminated M. abscessus

infection soon after receiving a transplant and who had had

sputum cultures that were positive for M. abscessus before re-

ceiving the transplant [95].

Among renal transplant and heart transplant recipients, in

particular, there were several episodes of transplant rejection

and/or graft loss that occurred in patients with NTM disease.

This reflects the greater risk for infection in patients who require

higher levels of immunosuppression and the increasing risk of

graft rejection with decreasing immunosuppression.

NTM colonization or infection prior to transplantation.

Some transplantation candidates, notably those who are can-

didates for receipt of an HSCT or lung transplant, may be

colonized or infected with NTM. Currently, the leading indi-

cations for receipt of a lung transplant are COPD, cystic fibrosis,

and pulmonary fibrosis [142]. Forty percent of NTM isolates

are from patients with COPD [2]; NTM isolates are recovered

from 6.6%–20% of patients with cystic fibrosis [143–147]. Pre-

viously, the isolation of NTM from the sputum of patients with

chronic pulmonary disease, particularly those with cystic fi-

brosis, was believed to represent colonization; more recently,

it has been suggested that this finding may represent true disease

[148, 149].

At present, optimal management for patients infected or col-

onized with NTM before receiving a lung transplant is unclear.

If NTM contribute to disease before receipt of a transplant,

preemptive therapy is indicated. This must be considered in

the context of the risk for the emergence of resistance and the

potential future need for antimycobacterial therapy. In patients

colonized with NTM or those with minimal disease, the ap-

proach to management is less clear. Several approaches have

been reported, including therapy before receipt of a transplant,

peritransplantation prophylaxis, and no administration of spe-

cific therapy in the absence of symptoms.

One patient with sputum cultures that were repeatedly pos-

itive for M. chelonae and M. fortuitum underwent lung trans-

plantation without receiving therapy for NTM, and mycobac-

terial cultures of specimens obtained from the patient after

receiving a transplant remained negative [150]. Another patient,

who was colonized with and received treatment for MAC in-

fection before undergoing heart and lung transplantation, sub-

sequently developed histologically documented invasive MAC

disease in the transplanted lung [148]. We have observed in-

vasive M. abscessus infection of the sternum in a patient who

was colonized before he underwent lung transplantation; treat-

ment of this condition required extensive debridement in ad-

dition to antimicrobial therapy. In a series of 219 lung trans-

plant recipients reported by Kesten et al. [27], NTM were

identified in the explanted lungs of 4 patients. Three of the 4

patients were treated with 3–12 months of antimycobacterial

therapy, and none developed disease.

Several reports document uncomplicated HSCT following

successful therapy to treat disseminated or pulmonary NTM

infection [12, 15, 17, 19, 151]. Many patients initiated anti-

mycobacterial therapy before receiving a transplant and con-

tinued therapy through transplantation. There were no reports

of adverse drug reactions or recurrent NTM disease in these

patients. Our own experience is similar and includes the suc-

cessful control of pulmonary disease in an HSCT recipient and

the treatment of a case of MAC spinal osteomyelitis in a patient

who was receiving therapy for graft-versus-host disease. Al-

though data are limited, HSCT can be successful in patients

with adequately treated NTM disease.

CONCLUSION

The incidence of disease caused by NTM in transplant recip-

ients appears to be increasing. This is probably related to im-

provements in patient survival, as well as to enhanced diag-

nostic capabilities. Although NTM infection remains a relatively

uncommon complication of HSCT or SOT, the risk of my-

cobacterial disease is many-fold greater in these transplant re-

cipients than it is in the general population. The spectrum of

mycobacterial infections associated with transplantation differs

from that associated with AIDS, and infection is more often

tissue-invasive. Therapy to treat NTM disease in patients who

have received a transplant is complicated by the possibility of

drug interactions between antimycobacterial and immunosup-

pressive agents, and, also, by the possibility of allograft rejection

or worsening graft-versus-host disease as the result of reduction

in immunosuppression during NTM therapy. As in our patient,

these factors may contribute to the morbidity or mortality of

NTM infections in these highly susceptible hosts.
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