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a b s t r a c t 

Non-tuberculous mycobacteria are ubiquitous environmental organisms that are now increasingly recog- 

nized as important causes of clinical disease in solid organ transplant recipients. Risk factors of non- 

tuberculous mycobacteria infection are severe immunologic defects and structural abnormalities. Lung 

transplant recipients are at higher risk for non-tuberculous mycobacterial disease compared to recipi- 

ents of other solid organs. The clinical presentation could be skin and soft tissue infection, osteoarticular 

disease, pleuropulmonary infection, bloodstream (including catheter-associated) infection, lymphadeni- 

tis, and disseminated or multi-organ disease. Management of non-tuberculous mycobacteria infection is 

complex due to the prolonged treatment course with multi-drug regimens that are anticipated to interact 

with immunosuppressive medications. This review article provides an update on infections due to non- 

tuberculous mycobacteria after solid organ transplantation, and discusses the epidemiology, risk factors, 

clinical presentation, and management. 

© 2016 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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. Introduction 

Non-tuberculous mycobacteria (NTM) consist of over 140 dis-

inct species of ubiquitous environmental organisms that are often

ound in soil and water. NTMs are generally considered uncom-

on causes of clinical disease in the general population. However,

TM disease appears to be increasingly reported. In a population-

ased epidemiologic study in the United States, the incidence of

kin and soft tissue disease due to NTM increased from 0.7 per

0 0,0 0 0 population during 1980–1999 to 2.0 per 10 0,0 0 0 popula-

ion during 20 0 0–20 09 [1] . NTM infections after solid organ trans-

lantation (SOT) are also perceived to have increased in frequency

n recent years, reflecting increased exposure, increased length of

urvival, and improved methods for diagnosis [2] . Among all SOT

opulations, lung transplant recipients are at higher risk for NTM

isease for several possible reasons, such as the direct exposure

f the transplanted lung to the environment, and structural abnor-

alities in lung transplant recipients may interfere with host de-

enses against inhaled organisms. The increased risk of NTM dis-

ase in these patients may also be a reflection of the severity of

mmunologic deficiencies, given that lung transplantation is asso-
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iated with a more intense degree of immune suppression than

ther types of organ transplantation [3] . 

Although relatively rare in incidence compared to other post-

ransplant infections, recognizing diseases due to NTM is impor-

ant, as delays in diagnosis may lead to poor outcomes. Manage-

ent of these NTM infections is also frequently complex due to

he prolonged treatment course and the anticipated drug–drug in-

eractions between antimycobacterial drugs and the immunosup-

ressive medications. 

This review article will provide an update on the literature of

TM infections after SOT, and discuss the epidemiology, risk fac-

ors, clinical presentation, and management in the context of organ

ransplantation. 

. Epidemiology 

The epidemiology of NTM infections in SOT recipients is not

ully defined. Its incidence is difficult to determine with certainty

s reporting of disease is not mandatory, and the ubiquitous na-

ure of these organisms makes it hard to determine whether or

ot NTM species isolated from non-sterile source are clinically rel-

vant. Conservation studies have isolated NTM from both natural and

otable water sources [4] –[7] . For example, Mycobacterium xenopi

nd M. kansasii are common in man-made water systems while M.

arinum is linked to aquatic environments and is often called “fish
nder the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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tank granuloma” [8] , [9] . Often, the differentiation between coloniza-

tion and clinical disease is difficult. 

There is also evidence to suggest that nosocomial transmission of

NTM is increasing, and results in conditions ranging from harmless

colonization to invasive infection. These hospital-borne infections are

usually more common among patients undergoing surgery, those on

hemodialysis, or have immune suppressed conditions [5] . To date, only

a few cases have been reported among SOT recipients [10] . 

The epidemiology among transplant recipients varies widely

based on geography and type of transplantation [11] . Hence, the

incidence can only be estimated based on available case series

and anecdotal reports. Among renal transplant recipients, the es-

timated incidence of NTM infections is between 0.16% and 0.55%

[12–20] . Slightly higher incidence rates are reported in heart trans-

plant recipients (2.8%) [21] and lung transplant recipients (0.46

to 4.4%) [22–25] . For some unclear reason, NTM infections among

liver transplant recipients have not been systematically reported,

but the estimated incidence rate is comparatively low at 0.04%

[15] . We have found no reported cases of NTM infections among small

bowel, composite tissue, and pancreatic transplants. 

The frequency and types of specific NTM infections, and the

causative species varies by the type of organ transplant. To date,

there have been more than 20 different species reported to

cause disease in transplant recipients. Interestingly, Mycobacterium

kansasii is the most commonly reported NTM among heart trans-

plants [2] . Rapidly growing mycobacteria (RGM) are reported less

frequently among SOT recipients than hematopoietic stem cell

transplants (HSCT) recipients. Among SOT recipients with NTM in-

fection, RGM were reported in approximately 40% of renal trans-

plants and 10% of heart and lung transplant recipients [11] . 

3. Risk factors 

Among the risk factors that have been associated with NTM dis-

ease, in general, include immunocompromised states (such as ac-

quired immunodeficiency syndrome), treatment with monoclonal

antibody therapies (e.g., targeting tumor necrosis factor- α), and

genetic defects of the interferon-gamma receptors and signaling

pathways [26] . Structural lung disease from chronic obstructive

pulmonary disease (COPD), cystic fibrosis, and bronchiectasis have

also conferred increased risk of NTM disease [27,28] . For similar

reasons, SOT recipients may be at increased risk of NTM disease

due to immunologic and structural abnormalities. 

First, the immunosuppressive drug regimens (or the net state

of immune-suppression) may promote the progression to clinical

disease among those with environmental exposures (or those colo-

nized with NTM), with a higher risk among those with augmented

immunosuppression, such as those treated for acute or chronic

cellular rejection [29] . To our knowledge, however, no studies have

specifically looked at rate of progression and no particular immuno-

suppressive drug is associated with a higher risk for NTM. 

Second, the disruption of mucocutaneous barriers (during

surgery or the need for vascular access catheters) may serve as

portals of entry for NTM. Third, structural abnormalities may

promote airway colonization and disease, particularly among lung

transplant recipients with impaired mucociliary clearance. Patients

with cystic fibrosis, for example, are often colonized or infected

with NTM prior to transplantation. For most patients, this does not

preclude transplantation, but patients have to undergo prolonged

treatment even after organ transplantation [30] . It is very likely

that other additional host-immune or structural local factors are

involved in the development of NTM disease, but these have yet

to be identified [24] . 

A case-control single-center study by Longworth et al.

[3] sought to identify clinical and demographic risk factors asso-

ciated with NTM disease in the transplant population. During a
eriod of 7 years, they identified 34 SOT recipients with NTM dis-

ase, and the majority (71%)were male, with a median age of 54

ears. Slightly over half of the cases (54%) occurred among lung

ransplant recipients. NTM disease developed relatively early, af-

er a median of 8 months (IQR: 2–87 months), after transplanta-

ion. There was wide diversity in the causative species, but M. ab-

cessus was the most common, followed by M. avium complex . The

ites of infection also varied from pleuropulmonary disease, to cu-

aneous and deep tissue, intra-abdominal, and disseminated infec-

ions. Univariate analysis identified lung transplant recipients are

t highest risk (OR 11.49, p < 0.01) and having developed biopsy-

roven acute rejection also significantly increased the risk (OR 4,

 < 0.03) of NTM disease. The results of this study validates the

heory that structural abnormalities, exposure of the transplanted

ung to potential environmental pathogens, and the advanced state

f immune suppression in lung transplant recipients all contribute

o the higher risk of NTM infection. 

. Clinical presentation 

The clinical manifestations of NTM infections in SOT recipients

re usually protean in nature. Accordingly, establishing the diag-

osis may be difficult based on clinical symptoms alone. Hence,

linicians should have a high index of suspicion and a low thresh-

ld to obtain diagnostic specimens for mycobacterial culture. The

ost common clinical presentation of NTM disease among SOT

ecipients is cutaneous or osteoarticular in nature [2] . In general,

TM disease can be classified into one of six categories – pleuro-

ulmonary, skin and soft tissue (including those with secondary

issemination), musculoskeletal (osteoarticular), bloodstream (in-

luding catheter-associated), lymphadenitis, and disseminated or

ulti-organ disease. Data on the isolates and clinical presentations

rom these cases are included in Table 1. 

.1. Lung transplant 

Lung transplant recipients are unique among SOT recipients be-

ause they are often colonized with NTM prior to transplantation

ue to structural damage from underlying pulmonary disease. In

act, lung recipients who have a history of colonization with M.

bscessus often develop progression to clinical disease after trans-

lantation, despite adequate anti-mycobacterial therapy. As such,

olonization with multi-drug resistant NTM prior to transplanta-

ion is considered a relative contraindication to lung transplanta-

ion by some centers [30–32] . 

Not surprisingly, the most common site of NTM disease af-

er transplantation is pleuropulmonary [3,23,24,30,32–36] , with M.

bscessus as the most commonly isolated species, followed by

AC. These patients with pulmonary NTM disease often present

ith chronic productive cough, shortness of breath, pleuritic pain,

nd/or fever and chills [23,34] . CT scan findings are variable but

lassically show nodular or tree-in-bud findings [23] . 

Although pulmonary disease is by far the most com-

on presentation, NTM infections in lung transplant recipients

ay present as disseminated [3,24,31,32,34,36–41] , osteoarticular

24,30,37] , and cutaneous [3,34,42] disease. 

.2. Non-lung transplant 

.2.1. Kidney 

Among the SOT population, kidney transplant recipients have

he most reported number of NTM infections with a total of 148

ases to date [3,9,10,12–20,36,43–121] . This is likely due to the rel-

tively large numbers of kidney transplants performed, compared

o other SOT. The most common manifestation among these pa-

ients is local cutaneous disease including cases with secondary
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Table 1 

Clinical presentation of NTM disease in solid organ transplant recipients. 

Type of 

transplant 

Reference Patients 

( n ) 

Gender 

M/F 

Age, median 

(yr) 

Median time 

to onset (mos) 

Mycobacterium species Type of infection 

Lung 

Lung [3,23–25,30–35,37–42, 

150–155] 

102 48/35 42.2 13.3 MAC, 26; M. abscessus, 59; M. 

hemophilum, 4; M. fortuitum, 2 

M. marinum, 2; M. kansasii, 2; 

M. asiaticum, 1; M. chelonae, 3 

MAC + Abscessus, 1; M. simiae, 1 

M. genavense, 1 

Pleuropulmonary, 65 

Cutaneous, 11 

Osteoarticular, 9 

Disseminated, 17 

Other, 0 

Non-lung 

Kidney [3,9,10,12–20,36,43–121] 148 87/53 45 27 MAC, 15; M. gordonae, 4; 

NTM NOS, 14; M. xenopi, 7 

M. chelonae, 31; M. abscessus, 9 

M. fortuitum, 12; M. haemophilum, 

13 

M. kansasii, 24; M. genavense,7 

M. scrofulaciecum, 2; 

M. immunogenum, 1;M. marinum, 6 

M. gastri,1; M. terrae, 1; Mult, 1 

Pleuropulmonary, 23 

Cutaneous, 51 

Cutaneous, with 

dissemination, 5; 

Osteoarticular, 31; 

Disseminated, 22; 

Other, 16 

Heart [21,53,96,107,135–149] 33 25/5 47 33 M. kansasii, 9; MAC, 8; M. 

hemophilum,5; M. scrofulaceum, 1; 

M. chelonae, 2; M. theroresistibile,2 

NTM NOS, 2; M. fortuitum, 1; 

M. genavense, 3 

Pleuropulmonary, 6 

Cutaneous, 9 

Cutaneous with 

dissemination, 4 

Osteoarticular, 3 

Disseminated, 11 

Liver [3,53,76,96,122–134] 21 5/12 51 24 MAC, 7; M. xenopi, 1; M. chelonae, 1 

M. abscessus, 3; M. hemophilum, 2 

M. genavense, 2; M. marinum, 1 

M. llatzerense,1; M. mucogenicum, 1 

M. triplex,1; Mult, 1 

Pleuropulmonary, 7 

Cutaneous, 4 

Cutaneous with dissem, 

2 

Osteoarticular, 2 

Disseminated, 4 

Other, 2 
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2  
utaneous dissemination, followed by osteoarticular disease. Cu-

aneous NTM disease often manifests as painless, violaceous nodules

hat may ulcerate and commonly follow a sporotrichoid appearance.

he most common NTM species is M. chelonae, followed by M.

ansasii. 

.2.2. Liver 

To date, there are only 21 cases of NTM reported among liver

ransplant recipients [3,53,76,96,122–134] , despite the increasing

olume of liver transplantations. The underlying reason for the

arity of NTM cases among liver transplant cases is not known.

mong all cases reported, the most common clinical presentations

ere pleuro-pulmonary followed by cutaneous disease. In general,

hose with pleuro-pulmonary disease presented with cough, fever or

hills, shortness of breath, or a combination thereof. MAC was the

ost common species isolated, accounting for one-third of all isolates.

.2.3. Heart 

Like liver transplant recipients, NTM disease among heart trans-

lant recipients appears to be rare. There have only been a to-

al of 33 cases reported in the literature [21,53,96,107,135–149] . M.

ansasii was the most frequently isolated NTM species, and 39%

13/33) cases presented with cutaneous disease, half of which had

econdary dissemination. 

. Diagnosis 

.1. Clinical diagnosis 

The diagnosis of NTM disease in transplant recipients is often

ifficult. Establishing a diagnosis of pulmonary infection, especially

mong lung transplant recipients, can be challenging because NTM

solates recovered from sputum samples may represent coloniza-

ion. Given the diagnostic dilemma, the American Thoracic Society

ATS) published guidelines on the diagnosis and treatment of dis-

ase due to NTM [27] . A combination of clinical, radiographic, and

acteriologic criteria is required for diagnosis of NTM pulmonary
isease ( Table 2 ). Similarly, extrapulmonary disease is diagnosed

hrough a combination of clinical and microbiologic findings with

r without adjunctive histologic confirmation. 

Since NTM infections are rare, they are not often included in

outine diagnostic testing. Hence, a high level of clinical suspicion

or NTM disease is essential for rapid and accurate diagnosis. Fre-

uently, time to clinical presentation from transplantation can be

ong, with a median of 13.3 months among lung transplant pa-

ients [23–25,31–35,37–42,150–155] , and even longer (range of 24–

3 months) among other SOT recipients. Since the infection may

ccur at any time, NTM disease has to be considered with any

nexplained febrile illness, surgical site or bone infection, non-

ealing wound or cutaneous lesion, or pleuropulmonary disease,

specially when routine bacterial cultures are non-diagnostic. Of-

en, the first indication of an NTM disease is the absence of bacte-

ial growth on routine cultures. In these instances, and whenever

here are suspicious lesions in a transplant recipient, clinical sam-

les and tissues should be obtained for histologic and microbio-

ogic examination. Often, repeated sampling may be necessary to

stablish the diagnosis. It is important to emphasize that although

ranulomas on histopathology are suggestive of possible NTM dis-

ase, the absence of granulomatous lesions does not necessarily

egate the diagnosis in transplant recipients who have attenuated

mmune responses. 

.2. Laboratory diagnosis 

To confirm the clinical suspicion of NTM disease, clinical

amples should be sent to the microbiology laboratory for acid

ast staining, mycobacterial cultures, and histopathology. The

aboratory should be informed that NTM is a clinical considera-

ion in order to guarantee proper media selection, temperature

ncubation, and duration of culture growth. Some NTM species are

astidious organisms and have specific growth requirements. For

xample, M. haemophilum and M. marinum both grow best between

8–30 °C . However, M. haemophilum requires media supplemented
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Table 2 

Clinical and microbiologic criteria for diagnosing nontuberculous mycobacterial lung disease [27] a . 

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) a 

AND 

2. Appropriate exclusion of other diagnoses (A, I) 

Microbiologic 

1. Positive culture results from at least two separate expectorated sputum samples (A, II). 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, III) 

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) 

OTHER 

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

(C, III) 

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, III) 

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, III) 
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with iron-containing compounds such as ferric ammonium citrate,

hemin, or hemoglobin, while M. genavense requires mycobactin [27] . 

The Interferon Gamma Rapid Assays (IGRAs) are not useful in the

diagnosis of NTM. However, is important to know that the target anti-

gens used ( e.g. ESAT-6 and CFP-10) which are present in M. tuberculo-

sis, are also present in some other mycobacteria, including M. kansasii

and M. marinum. As such, there is some cross-reactivity. The diagnos-

tic usefulness of the IGRAs has not been validated for NTM, however,

and they are not recommended for diagnoses [156] , [157] . 

Identification of the NTM to the species or subspecies level is

necessary for epidemiologic, prognostic and therapeutic considera-

tions. In referral laboratories, speciation may be accomplished by

molecular probes and 16S rDNA sequencing [27] . Knowledge of the

NTM species is necessary for choosing an empiric regimen. In addi-

tion, determination of the antimycobacterial susceptibilities of cer-

tain NTM species is recommended to guide the final targeted an-

timycobacterial therapy. 

6. Treatment 

A detailed review of the treatment regimens used for specific

NTM disease is beyond the scope of this review article, and the

ATS guideline is available for reference [27] . Nevertheless, some

key features of treatment of NTM disease among SOT recipients

merit emphasis. First, asymptomatic colonization is often not treated

prior to transplantation or re-transplantation. However, in patients

who are symptomatic, with a high burden of organism, such as in

CF patients colonized with NTM, one basic tenet is to try and reduce

mycobacterial burden prior to transplantation, and to continue to

treat aggressively during the immediate period after transplantation

[158] . Duration of treatment is influenced by the offending pathogen

and drug tolerability. Second, whenever possible, reduction of

immunosuppression should be considered among SOT recipients

to aid in the clearance of infection and/or minimize drug inter-

actions. Third, other contributing factors, such as concomitant

viral infections (in particular, CMV infection) should be treated.

[2] Fourth, the choices of antimicrobial drugs for treatment are

similar to those recommended for non-immunosuppressed pa-

tients. However, interactions between medications for NTM and

the immunosuppressive agents are anticipated. The rifamycins,

which are the backbone for treating some NTMs such as MAC, are

potent cytochrome P450 (CYP450) inducers and will expectedly

reduce the blood levels of calcineurin and mammalian target of

rapamycin (mTOR) inhibitors. If the dose of these drugs are not
djusted accordingly when rifamycins are initiated, it may lead to

ubtherapeutic levels and could lead to allograft rejection. Com-

ared to Rifampin, Rifabutin is a less potent inducer of CYP450,

nd is the preferred agent for treatment among transplant recip-

ents. In contrast, the macrolide antibiotic such as Clarithromycin

s a potent CYP450 inhibitor, and could have the reverse effect.

zithromycin has minimal in vitro inhibitory effect on CYP450 and

s the preferred macrolide for the transplant population. Often, a

ombination of a macrolide and rifamycin is needed for treatment,

nd thus, the level of calcineurin inhibitors should be monitored

losely and drug doses adjusted accordingly. 

In general, combination antimycobacterial therapy for a pro-

onged period of time is the rule for treatment of NTM disease.

ore than one active agent is necessary for treatment to avoid in-

erval development of resistance during therapy. In patients with

evere or disseminated disease and high organism burden, a min-

mum of 3 active drugs should be considered for induction treat-

ent, followed by de-escalation to dual treatment during mainte-

ance therapy. Often, treatment is continued until there is documen-

ation of multiple negative cultures. 

The choice of antimycobacterial agents and duration of ther-

py are largely dependent on the specific NTM isolate, given the

ide variability of in vitro susceptibility patterns. Although recom-

endations exist for treatment duration for specific diseases due

o NTM, this is often considered minimum duration of treatment

mong transplant recipients, as response to treatment in this pop-

lation of patients is often delayed, and microbiologic cures are

ifficult to achieve. This prolonged exposure to a variety of drugs

lso leads to significant toxicity, which is heightened in this popu-

ation of patients. 

There are also other interventions that should complement

tandard anti-NTM medical therapy. In addition to reducing im-

unosuppression, one should advocate for timely surgical resec-

ion, debridement of fluid collections or devitalized tissue, or re-

oval of infected devices in order to decrease organism bioburden

nd reduce the risk of drug resistance. In cases where devices cannot

e safely removed, prolonged suppressive therapy, usually with multi-

le oral agents, if feasible, is recommended. 

The use of secondary prophylaxis for NTM infections in the

ransplant population remains controversial. If selected, it should

e based on available susceptibility data and discussed in detail

ith experts in treating such infections in complex patients. 

A summary of treatment recommendations based on existing

uidelines for selected NTM species is provided in Table 3. 
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Table 3 

Treatment regimens for selected NTM species in transplant recipients. 

Organism Recommended regimen Alternative/second line drugs Duration Other 

SGM 

M. avium complex AZM 250–500 mg/d + RFB 

300 mg/d + EMB 15 m/k/d ±AMK IV 

RIF, CLR, AMK, MXF 12 mos of negative sputum 

cultures (for pulmonary dse) 

M. kansasii RFB 300 mg, EMB15m/k/d, INH 

5/m/k/d + Pyridoxine 50 mg/d 

If with RIF resistance-3 drug 

regimen based on in-vitro 

susceptibilities 

AZM, MXF, SXT, STR 12 mos of negative sputum 

cultures (for pulmonary dse) 

M. marinum Two active agents, usually 

AZM + EMB 

RIF/RFB,CLR, EMB, DOX 3–4 mos Uniformly resistant to 

INH/PZA 

RGM 

M. abscessus Must be based on in-vitro 

susceptibility data: 

AZM 250 mg/d plus IV (AMK, FOX, 

IPM) 

LZD, TGC Linezolid, tigecycline 4–6 mos Uniformly resistant to 

anti-TB drugs 

M. chelonae Must be based on in-vitro 

susceptibility data: 

AZM plus (1) other agent (TOB, 

LZD, IPM) 

AMK, DOX, CIP 4–6 mos 

M. fortuitum At least 2 active agents with in vitro 

activity 

AMK, CIP, SXT, FOX, IPM, AZM, 

DOX 

12 mos of negative sputum 

cultures (for pulmonary dse) 

4-6 mos for SSTI or 

bone-joint 

Inducible resistance to MAC 

Fastidious NTM 

M. haemophilum No standardized susceptibility data AMK, AZM, CIP, RIF, RFB, Not determined Uniformly resistant to EMB 

M. genavense AZM + at least one other active agent AMK, RFB/RIF, CIP, AZM, STR Not determined EMB with limited activity 

M. gordonae Must be based on in-vitro 

susceptibility data 

EMB, RFB, AZM, LZD, CIP Not determined Most frequently isolated 

contaminant 

AZM – Azithromycin, RFB – Rifabutin, AMK – Amikacin, CLR- Clarithromycin, MXF – Moxifloxacin, SXT – Trimethoprim-sulfmethoxazole, STR – Streptomycin, FOX – Cefoxitin, 

IPM – imipenem, LZD – Linezolid, TGC – tigecycline, DOX – Doxycycline, CIP – ciprofloxacin, MAC – macrolides, PZA – Pyrazinamide. 
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. Outcome 

The prognosis of NTM disease in transplant recipients is highly

ariable, due to multiple factors including type of transplant, im-

une suppression, site and extent of NTM infections, and the spe-

ific NTM species. Overall, there is a high rate of treatment failure,

s detailed below. Prognosis is worse, and may lead to death, par-

icularly among SOT patients with disseminated disease. 

.1. Lung transplant recipients 

Among the 102 cases of NTM infection in lung transplant re-

ipients, information regarding outcomes are available among 79

atients [25,30–32,35,37–40,42,150,152–155] . Of these, 33 were re-

orted to have been cured, cleared of infection, or culture negative

t the end of treatment; 11 had some improvement, 3 had recur-

ence, while 7 had either no response or minimal response. Death

ccurred in 25 patients, with mortality attributed to NTM among

 patients with either pleuropulmonary or disseminated disease;

otably, 7 of 8 deaths were from M. abscessus ; the remaining one

rom M. genavense . 

There were 2 recent series that looked specifically at M. ab-

cessus [30,32] : among the 5 patients reported by Qvist, 1 patient

leared the infection, 2 patients were clinically well despite persis-

ently positive cultures, while 2 died but due to non-NTM related

auses. Outcomes of patients in the study by Lobo were slightly

etter, with 3 patients clearing the infection, and 1 with death re-

ated to disseminated M. abscessus . 

.2. Non-lung transplant recipients 

.2.1. Kidney 

Among all cases of renal transplant recipients with NTM dis-

ase, data regarding outcome was available for 124/148 cases

9,10,12,16–18,20,43–52,54–80,82–114,116–121] . Sixty two percent 
77/124) reported cure with initial therapy, and 14 (11%) had

onsiderable improvement during ongoing treatment. However, 

0 (8%) had disease recurrence, and 3 (2%) had persistent or

rogressive disease requiring either change in medical manage-

ent and/or surgical intervention. Disease recurrence or persis-

ence was associated with either osteoarticular or cutaneous dis-

ase, although there was no predominant NTM species. There were

 deaths (6%) attributed to NTM-disease [12,17,45,73,76,95] . All

eaths with the exception of one [80] was from disseminated dis-

ase; the underlying NTM species causing disseminated NTM infec-

ion was varied, and included M. kansasii, M. fortuitum, MAC , and

. genavense. 

.2.2. Liver 

Of the 21 cases of NTM in liver transplant recipients, out-

ome was reported for 17 of them [53,76,96,122–134] . Outcome

as favorable in most liver recipients, with the majority of pa-

ients (11/17) being cured, or having disease improvement by the

ime of follow up (1/17). Death occurred in 4 cases, but only one

as attributed to disseminated NTM disease, from M. genavense

nfection [53] . 

.2.3. Heart 

Among heart transplant recipients, outcome was reported on 17

ases [21,53,96,107,136–145,147–149] . Of these, 8 were cured, 1 im-

roved on treatment, and 3 had either recurrence or progression of

isease. Of the five deaths, three were attributed to disseminated

isease from NTM [21,107,145] , of varying species ( M. genavense ,

AC, and NTM not specified). 

. Conclusion 

NTM disease among transplant patients remains infrequent,

lthough its incidence appears to be increasing. This most likely

eflects improvement in microbiological techniques and im-

roved survival from transplantation. Although NTM infection is a
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relatively uncommon, the risk of NTM disease is many-fold greater

in transplant recipients than in the general population. 

Among all transplant recipients, lung transplant recipients are

more prone to develop NTM disease, although it is more commonly

reported among kidney recipients, likely due to the higher volume

of kidney transplants. 

The clinical presentation of NTM disease in the transplant pop-

ulation is protean in nature, and can be very difficult to diagnose,

both clinically and microbiologically. It differs substantially from

NTM disease associated with HIV-AIDS, which is more often than

not disseminated MAC. In the transplant population, the clinical

presentation varies depending on the underlying transplant, and

can be insidious in nature. The treatment regimen for NTM disease

in transplant patients is the same as in the non-transplant popu-

lation, although it is often more complicated given potential drug–

drug interactions between antimycobacterial and immunosuppres-

sive agents. 

References 

[1] Wentworth AB , Drage LA , Wengenack NL , Wilson JW , Lohse CM . Increased in-
cidence of cutaneous nontuberculous mycobacterial infection, 1980 to 2009:

a population-based study. Mayo Clin Proc 2013;88(1):38–45 . 

[2] Doucette K , Fishman JA . Nontuberculous mycobacterial infection in
hematopoietic stem cell and solid organ transplant recipients. Clin Infect Dis

2004;38(10):1428–39 . 
[3] Longworth SA , Vinnard C , Lee I , Sims KD , Barton TD , Blumberg EA . Risk fac-

tors for nontuberculous mycobacterial infections in solid organ transplant re-
cipients: a case-control study. Transpl Infect Dis 2014;16(1):76–83 . 

[4] Iivanainen EK , Martikainen PJ , Vaananen PK , Katila ML . Environmental factors
affecting the occurrence of mycobacteria in brook waters. Appl Environ Mi-

crobiol 1993;59(2):398–404 . 

[5] Phillips MS , von Reyn CF . Nosocomial infections due to nontuberculous my-
cobacteria. Clin Infect Dis 2001;33(8):1363–74 . 

[6] Portaels F . Epidemiology of mycobacterial diseases. Clin Dermatol
1995;13(3):207–22 . 

[7] von Reyn CF , Waddell RD , Eaton T , Arbeit RD , Maslow JN , Barber TW ,
et al. Isolation of Mycobacterium avium complex from water in the United

States, Finland, Zaire, and Kenya. J Clin Microbiol 1993;31(12):3227–30 . 

[8] George KL , Parker BC , Gruft H , Falkinham JO 3rd . Epidemiology of infection
by nontuberculous mycobacteria. II. Growth and survival in natural waters..

Am Rev Respir Dis 1980;122(1):89–94 . 
[9] Pandian TK , Deziel PJ , Otley CC , Eid AJ , Razonable RR . Mycobacterium mar-

inum infections in transplant recipients: case report and review of the litera-
ture. Transpl Infect Dis 2008;10(5):358–63 . 

[10] Graybill JR , Silva J Jr , Fraser DW , Lordon R , Rogers E . Disseminated mycobacte-

riosis due to Mycobacterium abcessus in two recipients of renal homografts.
Am Rev Respir Dis 1974;109(1):4–10 . 

[11] Daley CL . Nontuberculous mycobacterial disease in transplant recip-
ients: early diagnosis and treatment. Curr Opin Organ Transplant

2009;14(6):619–24 . 
[12] Costa JM , Meyers AM , Botha JR , Conlan AA , Myburgh A . Mycobacterial in-

fections in recipients of kidney allografts. A seventeen-year experience. Acta

Med Port 1988;1(1):51–7 . 
[13] Delaney V , Sumrani N , Hong JH , Sommer B . Mycobacterial infections in renal

allograft recipients. Transplant Proc 1993;25(3):2288–9 . 
[14] Hall CM , Willcox PA , Swanepoel CR , Kahn D , Van Zyl Smit R . Mycobacterial

infection in renal transplant recipients. Chest 1994;106(2):435–9 . 
[15] Higgins RM , Cahn AP , Porter D , Richardson AJ , Mitchell RG , Hopkin JM ,

et al. Mycobacterial infections after renal transplantation. Q J Med

1991;78(286):145–53 . 
[16] Lloveras J , Peterson PK , Simmons RL , Najarian JS . Mycobacterial infections in

renal transplant recipients. Seven cases and a review of the literature.. Arch
Intern Med 1982;142(5):888–92 . 

[17] Spence RK , Dafoe DC , Rabin G , Grossman RA , Naji A , Barker CF ,
et al. Mycobacterial infections in renal allograft recipients. Arch Surg

1983;118(3):356–9 . 

[18] Vandermarliere A , Van Audenhove A , Peetermans WE , Vanrenterghem Y ,
Maes B . Mycobacterial infection after renal transplantation in a Western pop-

ulation. Transpl Infect Dis 2003;5(1):9–15 . 
[19] Jie T , Matas AJ , Gillingham KJ , Sutherland DE , Dunn DL , Humar A . Mycobac-

terial infections after kidney transplant. Transplant Proc 2005;37(2):937–9 . 
[20] 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(6):518–25 . 

[21] Novick RJ , Moreno-Cabral CE , Stinson EB , Oyer PE , Starnes VA , Hunt SA ,

et al. Nontuberculous mycobacterial infections in heart transplant recipients:
a seventeen-year experience. J Heart Transplant 1990;9(4):357–63 . 

[22] Kesten S , Chaparro C . Mycobacterial infections in lung transplant recipients.
Chest 1999;115(3):741–5 . 
[23] Huang HC , Weigt SS , Derhovanessian A , Palchevskiy V , Ardehali A , Sag-
gar R , et al. Non-tuberculous mycobacterium infection after lung trans-

plantation is associated with increased mortality. J Heart Lung Transplant
2011;30(7):790–8 . 

[24] Knoll BM , Kappagoda S , Gill RR , Goldberg HJ , Boyle K , Baden LR , et al. Non-tu-
berculous mycobacterial infection among lung transplant recipients: a 15-year

cohort study. Transpl Infect Dis 2012;14(5):452–60 . 
[25] Malouf MA , Glanville AR . The spectrum of mycobacterial infection after lung

transplantation. Am J Respir Crit Care Med 1999;160(5 Pt 1):1611–16 . 

[26] Haverkamp MH , van Dissel JT , Holland SM . Human host genetic factors in
nontuberculous mycobacterial infection: lessons from single gene disorders

affecting innate and adaptive immunity and lessons from molecular defects in
interferon-gamma-dependent signaling. Microbes Infect 2006;8(4):1157–66 . 

[27] Griffith DE , Aksamit T , Brown-Elliott BA , Catanzaro A , Daley C , Gordin F ,
et al. An official ATS/IDSA statement: diagnosis, treatment, and preven-

tion of nontuberculous mycobacterial diseases. Am J Respir Crit Care Med

2007;175(4):367–416 . 
[28] Winthrop KL , Chang E , Yamashita S , Iademarco MF , LoBue PA . Nontuberculous

mycobacteria infections and anti-tumor necrosis factor-alpha therapy. Emerg
Infect Dis 2009;15(10):1556–61 . 

[29] Dorman S, Subramanian A. Nontuberculous mycobacteria in solid organ
transplant recipients. Am J Transplant, 9 Suppl 4 2009:S63–9. doi: 10.1111/j.

160 0-6143.20 09.02895.x . 

[30] Qvist T , Pressler T , Thomsen VO , Skov M , Iversen M , Katzenstein TL . Nontu-
berculous mycobacterial disease is not a contraindication to lung transplan-

tation in patients with cystic fibrosis: a retrospective analysis in a Danish pa-
tient population. Transplant Proc 2013;45(1):342–5 . 

[31] Gilljam M , Schersten H , Silverborn M , Jonsson B , Ericsson Hollsing A . Lung
transplantation in patients with cystic fibrosis and Mycobacterium abscessus

infection. J Cyst Fibros 2010;9(4):272–6 . 

[32] Lobo LJ , Chang LC , Esther CR Jr , Gilligan PH , Tulu Z , Noone PG . Lung trans-
plant outcomes in cystic fibrosis patients with pre-operative Mycobacterium

abscessus respiratory infections. Clin Transplant 2013;27(4):523–9 . 
[33] Chalermskulrat W , Sood N , Neuringer IP , Hecker TM , Chang L , Rivera MP ,

et al. Non-tuberculous mycobacteria in end stage cystic fibrosis: implications
for lung transplantation. Thorax 2006;61(6):507–13 . 

[34] Chernenko SM , Humar A , Hutcheon M , Chow CW , Chaparro C , Keshavjee S ,

et al. Mycobacterium abscessus infections in lung transplant recipients: the
international experience. J Heart Lung Transplant 2006;25(12):1447–55 . 

[35] Lhuillier E , Brugiere O , Veziris N , Danel C , Mourvilliers B , Mal H , et al. Re-
lapsing Mycobacterium genavense infection as a cause of late death in a lung

transplant recipient: case report and review of the literature. Exp Clin Trans-
plant 2012;10(6):618–20 . 

[36] Morales P , Gil A , Santos M . Mycobacterium abscessus infection in transplant

recipients. Transplant Proc 2010;42(8):3058–60 . 
[37] Morales P , Ros JA , Blanes M , Perez-Enguix D , Saiz V , Santos M . Successful re-

covery after disseminated infection due to mycobacterium abscessus in a lung
transplant patient: subcutaneous nodule as first manifestation–a case report.

Transplant Proc 2007;39(7):2413–15 . 
[38] Suhling H , Einecke G , Rademacher J , Welte T , Suerbaum S , Warnecke G ,

et al. Mycobacterium intracellulare bacteraemia in a double lung transplant
patient. Int J Tuberc Lung Dis 2012;16(12):1710–11 . 

[39] Taylor JL , Palmer SM . Mycobacterium abscessus chest wall and pulmonary in-

fection in a cystic fibrosis lung transplant recipient. J Heart Lung Transplant
2006;25(8):985–8 . 

[40] Todd JL , Lakey J , Howell D , Reidy M , Zaas D . Portal hypertension and gran-
ulomatous liver disease in a lung transplant recipient due to disseminated

atypical mycobacterial infection. Am J Transplant 20 07;7(5):130 0–3 . 
[41] Zaidi S , Elidemir O , Heinle JS , McKenzie ED , Schecter MG , Kaplan SL ,

et al. Mycobacterium abscessus in cystic fibrosis lung transplant recipients:

report of 2 cases and risk for recurrence. Transpl Infect Dis 2009;11(3):243–8 .
[42] Baisi A , Nosotti M , Chella B , Santambrogio L . Relapsing cutaneous My-

cobacterium chelonae infection in a lung transplant patient. Transpl Int
2005;18(9):1117–19 . 

[43] Abbott MR , Smith DD . Mycobacterial infections in immunosuppressed pa-
tients. Med J Aust 1981;1(7):351–3 . 

[44] Alexander S , John GT , Jesudason M , Jacob CK . Infections with atypi-

cal mycobacteria in renal transplant recipients. Indian J Pathol Microbiol
2007;50(3):482–4 . 

[45] Argiris A , Maun N , Berliner N . Mycobacterium avium complex inclusions
mimicking Gaucher’s cells. N Engl J Med 1999;340(17):1372 . 

[46] Assi MA , Berg JC , Marshall WF , Wengenack NL , Patel R . Mycobacterium gor-
donae pulmonary disease associated with a continuous positive airway pres-

sure device. Transpl Infect Dis 2007;9(3):249–52 . 

[47] Bernard L , Vincent V , Lortholary O , Raskine L , Vettier C , Colaitis D , et al. My-
cobacterium kansasii septic arthritis: French retrospective study of 5 years

and review. Clin Infect Dis 1999;29(6):1455–60 . 
[48] Biggs HM , Chudgar SM , Pfeiffer CD , Rice KR , Zaas AK , Wolfe CR . Dis-

seminated Mycobacterium immunogenum infection presenting with septic
shock and skin lesions in a renal transplant recipient. Transpl Infect Dis

2012;14(4):415–21 . 

[49] Bolivar R , Satterwhite TK , Floyd M . Cutaneous lesions due to Mycobacterium
kansasii. Arch Dermatol 1980;116(2):207–8 . 

[50] Bomalaski JS , Williamson PK , Goldstein CS . Infectious arthritis in renal trans-
plant patients. Arthritis Rheum 1986;29(2):227–32 . 

http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0001
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0001
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0001
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0001
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0001
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0001
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0002
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0002
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0002
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0003
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0003
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0003
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0003
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0003
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0003
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0003
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0004
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0004
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0004
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0004
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0004
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0005
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0005
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0005
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0006
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0006
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0007
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0008
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0008
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0008
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0008
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0008
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0009
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0009
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0009
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0009
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0009
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0009
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0010
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0010
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0010
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0010
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0010
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0010
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0011
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0011
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0012
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0012
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0012
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0012
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0012
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0012
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0013
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0013
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0013
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0013
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0013
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0014
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0014
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0014
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0014
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0014
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0014
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0015
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0016
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0016
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0016
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0016
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0016
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0017
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0018
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0018
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0018
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0018
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0018
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0018
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0019
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0019
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0019
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0019
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0019
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0019
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0019
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0020
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0020
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0020
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0020
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0020
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0020
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0020
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0021
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0022
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0022
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0022
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0023
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0024
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0025
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0025
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0025
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0026
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0026
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0026
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0026
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0027
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0028
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0028
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0028
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0028
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0028
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0028
http://dx.doi.org/10.1111/j.1600-6143.2009.02895.x
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0030
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0030
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0030
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0030
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0030
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0030
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0030
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0031
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0031
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0031
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0031
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0031
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0031
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0032
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0032
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0032
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0032
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0032
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0032
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0032
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0033
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0034
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0035
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0036
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0036
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0036
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0036
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0037
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0037
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0037
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0037
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0037
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0037
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0037
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0038
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0039
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0039
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0039
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0040
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0040
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0040
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0040
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0040
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0040
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0041
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0042
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0042
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0042
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0042
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0042
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0043
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0043
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0043
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0044
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0044
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0044
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0044
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0044
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0045
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0045
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0045
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0045
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0046
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0046
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0046
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0046
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0046
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0046
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0047
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0048
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0048
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0048
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0048
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0048
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0048
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0048
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0049
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0049
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0049
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0049
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0050
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0050
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0050
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0050


C.L. Abad, R.R. Razonable / Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 4 (2016) 1–8 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

 

 

[  

 

[  

 

 

 

 

 

 

 

 

 

 

[51] Branger B , Gouby A , Oules R , Balducchi JP , Mourad G , Fourcade J , et al. My-
cobacterium haemophilum and mycobacterium xenopi associated infection in

a renal transplant patient. Clin Nephrol 1985;23(1):46–9 . 
[52] Chan A , Findlay A , Abeygunasekara S . A case of wrist tenosynovitis caused

by Mycobacterium kansasii in a renal transplant recipient. Transpl Infect Dis
2012;14(5):E44–9 . 

[53] Charles P , Lortholary O , Dechartres A , Doustdar F , Viard JP , Lecuit M ,
et al. Mycobacterium genavense infections: a retrospective multicenter study

in France, 1996-2007. Medicine (Baltimore) 2011;90(4):223–30 . 

[54] Cho JH , Yu CH , Jin MK , Kwon O , Hong KD , Choi JY , et al. Mycobacterium
kansasii pericarditis in a kidney transplant recipient: a case report and com-

prehensive review of the literature. Transpl Infect Dis 2012;14(5):E50–5 . 
[55] Cooper JF , Lichtenstein MJ , Graham BS , Schaffner W . Mycobacterium che-

lonae: a cause of nodular skin lesions with a proclivity for renal transplant
recipients. Am J Med 1989;86(2):173–7 . 

[56] Copeland NK, Arora NS, Ferguson TM. Mycobacterium haemophilum Mas-

querading as Leprosy in a Renal Transplant Patient. Case Rep Dermatol Med,
2013 2013:793127. doi: 10.1155/2013/793127 . 

[57] Cruz N , Ramirez-Muxo O , Bermudez RH , Santiago-Delpin EA . Pulmonary
infection with M. kansasii in a renal transplant patient.. Nephron

1980;26(4):187–8 . 
[58] Czachor JS , Gopalakrishnan R . Coexistent gout and Mycobacterium avium-in-

tracellulare arthritis in a renal transplant recipient. Kidney Blood Press Res

1997;20(1):62–3 . 
[59] Davis BR , Brumbach J , Sanders WJ , Wolinsky E . Skin lesions caused by My-

cobacterium haemophilum. Ann Intern Med 1982;97(5):723–4 . 
[60] de Jong JJ , van Gelder T , Ijzermans JN , Endtz HP , Weimar W . Atypical my-

cobacterium infection with dermatological manifestation in a renal transplant
recipient. Transpl Int 1999;12(1):71–3 . 

[61] den Broeder AA , Vervoort G , van Assen S , Verduyn Lunel F , de Lange WC , de

Sevaux RG . Disseminated Mycobacterium gordonae infection in a renal trans-
plant recipient. Transpl Infect Dis 2003;5(3):151–5 . 

[62] Desikan P , Trivedi SK , Atlani MK . Pericardial effusion caused by My-
cobacterium chelonae after renal transplant. Arab J Nephrol Transplant

2013;6(1):55 . 
[63] Doggett JS , Strasfeld L . Disseminated Mycobacterium genavense with pul-

monary nodules in a kidney transplant recipient: case report and review of

the literature. Transpl Infect Dis 2011;13(1):38–43 . 
[64] Ducharlet K, Murphy C, Tan SJ, Dwyer KM, Goodman D, Aboltins C, et al.

Recurrent Mycobacterium haemophilum in a renal transplant recipient.
Nephrology (Carlton), 19 Suppl 1 2014:14–17. doi: 10.1111/nep.12193 . 

[65] Ena P , Sechi LA , Molicotti P , Ortu S , Zanetti S . Cutaneous Mycobacterium ch-
elonae I infection extending in the lower extremities in a renal transplanted

patient. J Eur Acad Dermatol Venereol 2005;19(4):504–5 . 

[66] Endzweig CH , Strauss E , Murphy F , Rao BK . A case of cutaneous Mycobac-
terium chelonae abscessus infection in a renal transplant patient. J Cutan Med

Surg 2001;5(1):28–32 . 
[67] Farooqui MA , Berenson C , Lohr JW . Mycobacterium marinum infection in a

renal transplant recipient. Transplantation 1999;67(11):1495–6 . 
[68] Fraser DW , Buxton AE , Naji A , Barker CF , Rudnick M , Weinstein AJ . Dissemi-

nated mycobacterium kansasii infection presenting as cellulitis in a recipient
of a renal homograft. Am Rev Respir Dis 1975;112(1):125–9 . 

[69] Garrison AP , Morris MI , Doblecki Lewis S , Smith L , Cleary TJ , Procop GW ,

et al. Mycobacterium abscessus infection in solid organ transplant recipi-
ents: report of three cases and review of the literature. Transpl Infect Dis

2009;11(6):541–8 . 
[70] Gombert ME , Goldstein EJ , Corrado ML , Stein AJ , Butt KM . Disseminated My-

cobacterium marinum infection after renal transplantation. Ann Intern Med
1981;94(4 pt 1):486–7 . 

[71] Gouby A , Branger B , Oules R , Ramuz M . Two cases of Mycobac-

terium haemophilum infection in a renal-dialysis unit. J Med Microbiol
1988;25(4):299–300 . 

[72] Gupta A , Clauss H . Prosthetic joint infection with Mycobacterium
avium complex in a solid organ transplant recipient. Transpl Infect Dis

2009;11(6):537–40 . 
[73] Haas S , Scully B , Cohen D , Radhakrishnan J . Mycobacterium avium complex

infection in kidney transplant patients. Transpl Infect Dis 2005;7(2):75–9 . 

[74] Hazara AM , Edey M , Roy A , Bhandari S . Rapidly growing non-tuberculous my-
cobacterial infection in a renal transplant patient after alemtuzumab induc-

tion. Transpl Infect Dis 2014;16(5):847–52 . 
[75] Heironimus JD , Winn RE , Collins CB . Cutaneous nonpulmonary Mycobac-

terium chelonei infection. Successful treatment with sulfonamides in an im-
munosuppressed patient.. Arch Dermatol 1984;120(8):1061–3 . 

[76] Hoefsloot W , van Ingen J , Peters EJ , Magis-Escurra C , Dekhuijzen PN ,

Boeree MJ , et al. Mycobacterium genavense in the Netherlands: an oppor-
tunistic pathogen in HIV and non-HIV immunocompromised patients. An ob-

servational study in 14 cases. Clin Microbiol Infect 2013;19(5):432–7 . 
[77] Indudhara R , Kochhar R , Mehta SK , Minz M , Chugh KS , Yadav RV . Acute colitis

in renal transplant recipients. Am J Gastroenterol 1990;85(8):964–8 . 
[78] Ingram CW , Tanner DC , Durack DT , Kernodle GW Jr , Corey GR . Dis-

seminated infection with rapidly growing mycobacteria. Clin Infect Dis

1993;16(4):463–71 . 
[79] Kaur P , Fishman JA , Misdraji J , Varma MC , Kotton CN . Disseminated Mycobac-

terium kansasii infection with hepatic abscesses in a renal transplant recipi-
ent. Transpl Infect Dis 2011;13(5):531–5 . 
[80] Kochhar R , Indudhara R , Nagi B , Yadav RV , Mehta SK . Colonic tuberculosis due
to atypical mycobacteria in a renal transplant recipient. Am J Gastroenterol

1988;83(12):1435–6 . 
[81] Koizumi JH , Sommers HM . Mycobacterium xenopi and pulmonary disease.

Am J Clin Pathol 1980;73(6):826–30 . 
[82] Koranda FC , Dehmel EM , Kahn G , Penn I . Cutaneous complications in im-

munosuppressed renal homograft recipients. JAMA 1974;229(4):419–24 . 
[83] Korres DS , Papagelopoulos PJ , Zahos KA , Kolia MD , Poulakou GG , Falagas ME .

Multifocal spinal and extra-spinal Mycobacterium chelonae osteomyelitis in a

renal transplant recipient. Transpl Infect Dis 2007;9(1):62–5 . 
[84] Lichtenstein IH , MacGregor RR . Mycobacterial infections in renal transplant

recipients: report of five cases and review of the literature. Rev Infect Dis
1983;5(2):216–26 . 

[85] Lovric S , Becker JU , Kayser D , Wagner A , Haubitz M , Kielstein JT . Fish, flesh
and a good red herring: a case of ascending upper limb infection in a renal

transplant patient. Clin Nephrol 2009;72(5):402–4 . 

[86] Martin-Penagos L , Rodrigo E , Ruiz JC , Aguero J , Fernandez-Mazarrasa C , Mar-
tinez L , et al. Lung cavitation due to Mycobacterium xenopi in a renal trans-

plant recipient. Transpl Infect Dis 2009;11(3):249–52 . 
[87] Mehta R , Oliver LD , Melillo D , Milliorn K , Flye W , Fish J . Disseminated My-

cobacterium chelonei infection following cadaveric renal transplantation: fa-
vorable response to cefoxitin. Am J Kidney Dis 1983;3(2):124–8 . 

[88] Mezo A , Jennis F , McCarthy SW , Dawson DJ . Unusual mycobacteria in 5 cases

of opportunistic infections. Pathology 1979;11(3):377–84 . 
[89] Moulsdale M , Harper JM , Thatcher GN . Unusual mycobacterium infection in a

renal transplant recipient. Med J Aust 1980;2(8):450–1 . 
[90] Murdoch ME , Leigh IM . Sporotrichoid spread of cutaneous Mycobacterium ch-

elonei infection. Clin Exp Dermatol 1989;14(4):309–12 . 
[91] Mushtaq RF , Bappa A , Ahmad M , AlShaebi F . Skin, subcutaneous tissue, and

allograft infection with Mycobacterium fortuitum in a renal transplant recip-

ient. Saudi J Kidney Dis Transpl 2014;25(6):1248–50 . 
[92] Nagy GS , Rubin RH . Disseminated Mycobacterium avium-intracellulare in a

kidney transplant recipient. Transpl Infect Dis 2001;3(4):220–30 . 
[93] Neuman HB , Andreoni KA , Johnson MW , Fair JH , Gerber DA . Terminal ileitis

secondary to Mycobacterium gordonae in a renal transplant. Transplantation
2003;75(4):574–5 . 

[94] Niranjankumar MS , Georgi A , Ananth S , Anandi V , Gaspar JH . Mycobacterium

fortuitum psoas abscess in a renal transplant recipient. Nephrol Dial Trans-
plant 1994;9(1):80–2 . 

[95] Nurmohamed S , Weenink A , Moeniralam H , Visser C , Bemelman F . Hyper-
ammonemia in generalized Mycobacterium genavense infection after renal

transplantation. Am J Transplant 2007;7(3):722–3 . 
[96] Patel R , Roberts GD , Keating MR , Paya CV . Infections due to nontuberculous

mycobacteria in kidney, heart, and liver transplant recipients. Clin Infect Dis

1994;19(2):263–73 . 
[97] Paull DE , Decker GR , Brown RL . Mycobacterium Kansasii empyema in a renal

transplant recipient case report and review of the literature. Transplantation
2003;76(1):270–1 . 

[98] Perandones CE , Roncoroni AJ , Frega NS , Bianchini HM , Hubscher O . Mycobac-
terium gastri arthritis: septic arthritis due to Mycobacterium gastri in a pa-

tient with a renal transplant. J Rheumatol 1991;18(5):777–8 . 
[99] Pinho L , Santos J , Oliveira G , Pestana M . Mycobacterium gordonae urinary in-

fection in a renal transplant recipient. Transpl Infect Dis 2009;11(3):253–6 . 

100] Prinz BM , Michaelis S , Kettelhack N , Mueller B , Burg G , Kempf W . Subcuta-
neous infection with Mycobacterium abscessus in a renal transplant recipient.

Dermatology 2004;208(3):259–61 . 
[101] Ram R , Swarnalatha G , Naidu GD , Pai BH , Dakshinamurty KV . Mycobac-

terium fortuitum infection in a renal transplant recipient. Int Urol Nephrol
2013;45(2):595–6 . 

[102] Rawla MS , Kozak A , Hadley S , LeCates WW . Mycobacterium avium-intracellu-

lare-associated acute interstitial nephritis: a rare cause of renal allograft dys-
function. Transpl Infect Dis 2009;11(6):529–33 . 

[103] Renoult E , Fortin C , Dorais J , Hadjeres R , Paquet M , Fortin MC , et al. Mycobac-
terium genavense and chronic intermittent diarrhea in a kidney and pancreas

transplant recipient. Transplantation 2013;96(8):e64–6 . 
104] Rosen T . Cutaneous Mycobacterium kansasii infection presenting as cellulitis.

Cutis 1983;31(1):87–9 . 

[105] Ryan CG , Dwyer BW . New characteristics of Mycobacterium haemophilum. J
Clin Microbiol 1983;18(4):976–7 . 

106] Sanger JR , Stampfl DA , Franson TR . Recurrent granulomatous synovitis due
to Mycobacterium kansasii in a renal transplant recipient. J Hand Surg Am

1987;12(3):436–41 . 
[107] Santos M, Gil-Brusola A, Escandell A, Blanes M, Gobernado M. Mycobacterium

genavense Infections in a Tertiary Hospital and Reviewed Cases in Non-HIV

Patients. Patholog Res Int, 2014 2014:371370. doi: 10.1155/2014/371370 . 
[108] Scholze A , Loddenkemper C , Grünbaum M , Moosmayer I , Offermann G , Te-

pel M . Cutaneous Mycobacterium abscessus infection after kidney transplan-
tation. Nephrology Dialysis Transplantation 2005;20(8):1764–5 . 

[109] Stelzmueller I , Dunst KM , Wiesmayr S , Zangerie R , Hengster P , Bonatti H . My-
cobacterium chelonae skin infection in kidney-pancreas recipient. Emerg In-

fect Dis 2005;11(2):352–4 . 

[110] Sumrani N , Delaney V , Hong JH , Sommer BG . Mycobacterial avium-intracellu-
lare infection of a renal allograft. Clin Nephrol 1991;35(1):45–6 . 

[111] Thaunat O , Morelon E , Stern M , Buffet P , Offredo C , Mamzer-Bruneel MF ,
et al. Mycobacterium xenopi pulmonary infection in two renal transplant re-

cipients under sirolimus therapy. Transpl Infect Dis 2004;6(4):179–82 . 

http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0051
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0052
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0052
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0052
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0052
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0053
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0054
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0055
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0055
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0055
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0055
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0055
http://dx.doi.org/10.1155/2013/793127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0057
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0057
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0057
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0057
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0057
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0058
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0058
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0058
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0059
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0059
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0059
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0059
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0059
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0060
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0060
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0060
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0060
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0060
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0060
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0061
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0061
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0061
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0061
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0061
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0061
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0061
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0062
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0062
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0062
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0062
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0063
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0063
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0063
http://dx.doi.org/10.1111/nep.12193
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0065
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0065
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0065
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0065
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0065
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0065
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0066
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0066
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0066
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0066
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0066
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0067
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0067
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0067
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0067
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0068
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0068
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0068
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0068
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0068
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0068
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0068
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0069
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0070
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0070
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0070
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0070
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0070
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0070
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0071
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0071
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0071
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0071
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0071
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0072
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0072
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0072
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0073
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0073
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0073
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0073
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0073
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0074
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0074
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0074
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0074
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0074
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0075
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0075
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0075
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0075
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0076
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0077
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0077
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0077
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0077
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0077
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0077
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0077
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0078
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0078
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0078
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0078
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0078
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0078
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0079
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0079
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0079
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0079
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0079
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0079
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0080
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0080
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0080
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0080
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0080
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0080
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0081
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0081
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0081
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0082
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0082
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0082
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0082
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0082
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0083
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0083
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0083
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0083
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0083
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0083
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0083
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0084
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0084
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0084
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0085
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0085
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0085
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0085
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0085
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0085
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0085
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0086
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0087
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0087
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0087
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0087
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0087
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0087
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0087
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0088
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0088
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0088
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0088
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0088
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0089
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0089
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0089
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0089
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0090
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0090
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0090
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0091
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0091
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0091
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0091
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0091
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0092
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0092
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0092
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0093
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0093
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0093
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0093
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0093
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0093
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0094
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0094
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0094
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0094
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0094
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0094
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0095
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0095
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0095
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0095
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0095
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0095
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0096
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0096
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0096
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0096
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0096
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0097
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0097
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0097
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0097
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0098
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0098
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0098
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0098
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0098
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0098
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0099
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0099
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0099
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0099
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0099
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0100
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0100
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0100
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0100
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0100
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0100
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0100
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0101
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0101
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0101
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0101
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0101
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0101
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0102
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0102
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0102
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0102
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0102
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0103
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0104
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0104
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0105
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0105
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0105
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0106
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0106
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0106
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0106
http://dx.doi.org/10.1155/2014/371370
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0108
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0108
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0108
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0108
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0108
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0108
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0108
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0109
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0109
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0109
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0109
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0109
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0109
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0109
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0110
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0110
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0110
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0110
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0110
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0111


8 C.L. Abad, R.R. Razonable / Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 4 (2016) 1–8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[112] Tomazic J , Pirs M , Matos T , Ferluga D , Lindic J . Multiple infections af-
ter commercial renal transplantation in India. Nephrol Dial Transplant

2007;22(3):972–3 . 
[113] Vergidis P , Lesnick TG , Kremers WK , Razonable RR . Prosthetic joint infec-

tion in solid organ transplant recipients: a retrospective case-control study.
Transpl Infect Dis 2012;14(4):380–6 . 

[114] Verhelst D , Goffin E , Bodarwe AD , Gigi J , Pirson Y . Purple-blue subcutaneous
nodules after renal transplantation: not always Kaposi sarcoma. Nephrol Dial

Transplant 2001;16(8):1716–18 . 

[115] Walder BK , Jeremy D , Charlesworth JA , Macdonald GJ , Pussell BA ,
Robertson MR . The skin and immunosuppression. Australas J Dermatol

1976;17(3):94–7 . 
[116] 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(4):657–79 . 

[117] Wallace RJ Jr , Tanner D , Brennan PJ , Brown BA . Clinical trial of clarithromycin

for cutaneous (disseminated) infection due to Mycobacterium chelonae. Ann
Intern Med 1993;119(6):482–6 . 

[118] Weber J , Mettang T , Staerz E , Machleidt C , Kuhlmann U . Pulmonary disease
due to Mycobacterium xenopi in a renal allograft recipient: report of a case

and review. Rev Infect Dis 1989;11(6):964–9 . 
[119] Williams GV . Mycobacterium fortuitum: an unsuspected cause of synovitis

and osteomyelitis. Aust N Z J Med 1980;10(4):440–3 . 

[120] Wolfson JS , Sober AJ , Rubin RH . Dermatologic manifestations of infections in
immunocompromised patients. Medicine (Baltimore) 1985;64(2):115–33 . 

[121] Jopp-McKay AG , Randell P . Sporotrichoid cutaneous infection due to My-
cobacterium chelonei in a renal transplant patient. Australas J Dermatol

1990;31(2):105–9 . 
[122] Chastain MA , Buckley J , Russo GG . Mycobacterium chelonae/abscessus

complex infection in a liver transplant patient. Int J Dermatol

2001;40(12):769–74 . 
[123] Clark D , Lambert CM , Palmer K , Strachan R , Nuki G . Monoarthritis caused by

Mycobacterium avium complex in a liver transplant recipient. Br J Rheumatol
1993;32(12):1099–100 . 

[124] Doherty T, Lynn M, Cavazza A, Sames E, Hughes R. Mycobacterium
haemophilum as the Initial Presentation of a B-Cell Lymphoma in a Liver

Transplant Patient. Case Rep Rheumatol, 2014 2014:742978. doi: 10.1155/2014/

742978 . 
[125] Gandhi V, Nagral A, Nagral S, Das S, Rodrigues C. An unusual surgical site

infection in a liver transplant recipient. BMJ Case Rep 2010;2010. doi: 10.1136/
bcr.02.2010.2702 . 

[126] Hoff E , Sholtis M , Procop G , Sabella C , Goldfarb J , Wyllie R , et al. My-
cobacterium triplex infection in a liver transplant patient. J Clin Microbiol

2001;39(5):2033–4 . 

[127] Lau SK , Curreem SO , Ngan AH , Yeung CK , Yuen KY , Woo PC . First report
of disseminated Mycobacterium skin infections in two liver transplant re-

cipients and rapid diagnosis by hsp65 gene sequencing. J Clin Microbiol
2011;49(11):3733–8 . 

[128] Maybrook RJ , Campsen J , Wachs ME , Levi ME . A case of Mycobacterium
mucogenicum infection in a liver transplant recipient and a review of the

literature. Transpl Infect Dis 2013;15(6):E260–3 . 
[129] McDiarmid SV , Blumberg DA , Remotti H , Vargas J , Tipton JR , Ament ME ,

et al. Mycobacterial infections after pediatric liver transplantation: a report

of three cases and review of the literature. J Pediatr Gastroenterol Nutr
1995;20(4):425–31 . 

[130] Nathan DL , Singh S , Kestenbaum TM , Casparian JM . Cutaneous Mycobac-
terium chelonae in a liver transplant patient. J Am Acad Dermatol 20 0 0;43(2

Pt 2):333–6 . 
[131] Neau-Cransac M , Dupon M , Carles J , Le Bail B , Saric J . Disseminated Mycobac-

terium avium infection after liver transplantation. Eur J Clin Microbiol Infect

Dis 1998;17(10):744–6 . 
[132] Rahmani M , Alroy J , Zoukhri D , Wein RO , Tischler AS . Mycobacterial pseudo-

tumor of the skin. Virchows Arch 2013;463(6):843–6 . 
[133] Singhal A , Gates C , Malhotra N , Irwin DA , Chansolme DH , Kohli V . Successful

management of primary nontuberculous mycobacterial infection of hepatic
allograft following orthotopic liver transplantation for hepatitis C. Transpl In-

fect Dis 2011;13(1):47–51 . 

[134] Teixeira L , Avery RK , Iseman M , Arrossi AV , Harrington S , Stephens K ,
et al. Mycobacterium llatzerense lung infection in a liver transplant

recipient: case report and review of the literature. Am J Transplant
2013;13(8):2198–200 . 
[135] Baker JF , Stonecypher M . Coexistence of oligo-articular gout and Mycobac-
terium kansasii joint and bursal infection in a patient with an orthotopic

heart transplant. Clin Exp Rheumatol 2009;27(5):843–5 . 
[136] Cooper DK , Lanza RP , Oliver S , Forder AA , Rose AG , Uys CJ , et al. Infectious

complications after heart transplantation. Thorax 1983;38(11):822–8 . 
[137] de Lastours V , Guillemain R , Mainardi JL , Aubert A , Chevalier P , Lefort A ,

et al. Early diagnosis of disseminated Mycobacterium genavense infection.
Emerg Infect Dis 2008;14(2):346–7 . 

[138] Fairhurst RM , Kubak BM , Pegues DA , Moriguchi JD , Han KF , Haley JC ,

et al. Mycobacterium haemophilum infections in heart transplant recipients:
case report and review of the literature. Am J Transplant 2002;2(5):476–9 . 

[139] Kim JE , Sung H , Kim MN , Won CH , Chang SE , Lee MW , et al. Synchronous in-
fection with Mycobacterium chelonae and Paecilomyces in a heart transplant

patient. Transpl Infect Dis 2011;13(1):80–3 . 
[140] Lederman C , Spitz JL , Scully B , Schulman LL , Della-Latta P , Weitzman I ,

et al. Mycobacterium haemophilum cellulitis in a heart transplant recipient. J

Am Acad Dermatol 1994;30(5 Pt 1):804–6 . 
[141] LeMense GP , VanBakel AB , Crumbley AJ 3rd , Judson MA . Mycobacterium scro-

fulaceum infection presenting as lung nodules in a heart transplant recipient.
Chest 1994;106(6):1918–20 . 

[142] Munoz RM , Alonso-Pulpon L , Yebra M , Segovia J , Gallego JC , Daza RM . Intesti-
nal involvement by nontuberculous mycobacteria after heart transplantation.

Clin Infect Dis 20 0 0;30(3):603–5 . 

[143] Neeley SP , Denning DW . Cutaneous Mycobacterium thermoresistibile infec-
tion in a heart transplant recipient. Rev Infect Dis 1989;11(4):608–11 . 

[144] Plemmons RM , McAllister CK , Garces MC , Ward RL . Osteomyelitis due to My-
cobacterium haemophilum in a cardiac transplant patient: case report and

analysis of interactions among clarithromycin, rifampin, and cyclosporine.
Clin Infect Dis 1997;24(5):995–7 . 

[145] Ray R , Chakravorty S , Tyagi JS , Airan B , Talwar KK , Venugopal P , et al. Fatal

atypical mycobacterial infection in a cardiac transplant recipient. Indian Heart
J 20 01;53(1):10 0–3 . 

[146] Stengem J , Grande KK , Hsu S . Localized primary cutaneous Mycobacterium
kansasii infection in an immunocompromised patient. J Am Acad Dermatol

1999;41(5 Pt 2):854–6 . 
[147] Tebas P , Sultan F , Wallace RJ Jr , Fraser V . Rapid development of resistance to

clarithromycin following monotherapy for disseminated Mycobacterium che-

lonae infection in a heart transplant patient. Clin Infect Dis 1995;20(2):443–4 .
[148] Wood C , Nickoloff BJ , Todes-Taylor NR . Pseudotumor resulting from atypical

mycobacterial infection: a "histoid" variety of Mycobacterium avium-intracel-
lulare complex infection. Am J Clin Pathol 1985;83(4):524–7 . 

[149] Zappe CH , Barlow D , Zappe H , Bolton IJ , Roditi D , Steyn LM . 16S rRNA se-
quence analysis of an isolate of Mycobacterium haemophilum from a heart

transplant patient. J Med Microbiol 1995;43(3):189–91 . 

[150] Baldi S , Rapellino M , Ruffini E , Cavallo A , Mancuso M . Atypical mycobacterio-
sis in a lung transplant recipient. Eur Respir J 1997;10(4):952–4 . 

[151] Fairhurst RM , Kubak BM , Shpiner RB , Levine MS , Pegues DA , Ardehali A . My-
cobacterium abscessus empyema in a lung transplant recipient. J Heart Lung

Transplant 2002;21(3):391–4 . 
[152] Sanguinetti M , Ardito F , Fiscarelli E , La Sorda M , D’Argenio P , Ricciotti G ,

et al. Fatal pulmonary infection due to multidrug-resistant Mycobacterium
abscessus in a patient with cystic fibrosis. J Clin Microbiol 2001;39(2):816–19 .

[153] Swetter SM , Kindel SE , Smoller BR . Cutaneous nodules of Mycobacterium che-

lonae in an immunosuppressed patient with preexisting pulmonary coloniza-
tion. J Am Acad Dermatol 1993;28(2 Pt 2):352–5 . 

[154] Torres F , Hodges T , Zamora MR . Mycobacterium marinum infection in a lung
transplant recipient. J Heart Lung Transplant 2001;20(4):486–9 . 

[155] Woo MS , Downey S , Inderlied CB , Kaminsky C , Ross LA , Rowland J . Pedi-
atric transplant grand rounds. A case presentation: skin lesions in a post-lung

transplant patient. Pediatr Transplant 1997;1(2):163–70 . 

[156] Kobashi Y , Mouri K , Yagi S , Obase Y , Miyashita N , Okimoto N , et al. Clinical
evaluation of the QuantiFERON-TB Gold test in patients with non-tuberculous

mycobacterial disease. Int J Tuberc Lung Dis 2009;13(11):1422–6 . 
[157] Safdar N , Abad CL , Kaul DR , Saint S . Clinical problem-solving. Skin deep.. N

Engl J Med 2012;366(14):1336–40 . 
[158] Razonable RR . Nontuberculous mycobacterial infections after transplanta-

tion: a diversity of pathogens and clinical syndromes. Transpl Infect Dis

2009;11(3):191–4 . 

http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0112
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0112
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0112
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0112
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0112
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0112
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0113
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0113
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0113
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0113
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0113
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0114
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0114
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0114
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0114
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0114
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0114
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0115
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0115
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0115
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0115
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0115
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0115
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0115
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0116
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0116
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0116
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0116
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0116
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0116
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0116
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0117
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0117
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0117
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0117
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0117
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0118
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0118
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0118
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0118
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0118
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0118
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0119
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0119
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0120
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0120
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0120
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0120
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0121
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0121
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0121
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0122
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0122
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0122
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0122
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0123
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0123
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0123
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0123
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0123
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0123
http://dx.doi.org/10.1155/2014/742978
http://dx.doi.org/10.1136/bcr.02.2010.2702
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0126
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0127
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0128
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0128
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0128
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0128
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0128
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0129
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0130
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0130
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0130
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0130
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0130
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0131
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0131
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0131
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0131
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0131
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0131
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0132
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0132
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0132
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0132
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0132
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0132
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0133
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0133
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0133
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0133
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0133
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0133
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0133
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0134
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0135
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0135
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0135
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0136
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0137
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0138
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0139
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0140
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0141
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0141
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0141
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0141
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0141
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0142
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0142
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0142
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0142
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0142
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0142
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0142
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0143
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0143
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0143
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0144
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0144
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0144
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0144
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0144
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0145
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0146
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0146
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0146
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0146
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0147
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0147
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0147
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0147
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0147
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0148
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0148
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0148
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0148
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0149
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0149
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0149
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0149
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0149
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0149
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0149
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0150
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0150
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0150
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0150
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0150
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0150
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0151
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0151
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0151
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0151
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0151
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0151
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0151
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0152
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0153
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0153
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0153
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0153
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0154
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0154
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0154
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0154
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0155
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0155
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0155
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0155
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0155
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0155
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0155
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0156
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0157
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0157
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0157
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0157
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0157
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0158
http://refhub.elsevier.com/S2405-5794(15)30012-7/sbref0158

	Non-tuberculous mycobacterial infections in solid organ transplant recipients: An update
	1 Introduction
	2 Epidemiology
	3 Risk factors
	4 Clinical presentation
	4.1 Lung transplant
	4.2 Non-lung transplant
	4.2.1 Kidney
	4.2.2 Liver
	4.2.3 Heart


	5 Diagnosis
	5.1 Clinical diagnosis
	5.2 Laboratory diagnosis

	6 Treatment
	7 Outcome
	7.1 Lung transplant recipients
	7.2 Non-lung transplant recipients
	7.2.1 Kidney
	7.2.2 Liver
	7.2.3 Heart


	8 Conclusion
	 References


