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Clinical Infectious Diseases                                          

M A J O R  A R T I C L E
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Background. Risk factors for nontuberculous mycobacteria (NTM) infections after solid organ transplant (SOT) are not well 
characterized. Here we aimed to describe these factors.

Methods. Retrospective, multinational, 1:2 matched case-control study that included SOT recipients ≥12 years old diagnosed 
with NTM infection from 1 January 2008 to 31 December 2018. Controls were matched on transplanted organ, NTM treatment 
center, and post-transplant survival greater than or equal to the time to NTM diagnosis. Logistic regression on matched pairs 
was used to assess associations between risk factors and NTM infections.

Results. Analyses included 85 cases and 169 controls (59% male, 88% White, median age at time of SOT of 54 years 
[interquartile range {IQR} 40–62]). NTM infection occurred in kidney (42%), lung (35%), heart and liver (11% each), and 
pancreas transplant recipients (1%). Median time from transplant to infection was 21.6 months (IQR 5.3–55.2). Most 
underlying comorbidities were evenly distributed between groups; however, cases were older at the time of NTM diagnosis, 
more frequently on systemic corticosteroids and had a lower lymphocyte count (all P < .05). In the multivariable model, older 
age at transplant (adjusted odds ratio [aOR] 1.04; 95 confidence interval [CI], 1.01–1.07), hospital admission within 90 days 
(aOR, 3.14; 95% CI, 1.41–6.98), receipt of antifungals (aOR, 5.35; 95% CI, 1.7–16.91), and lymphocyte-specific antibodies (aOR, 
7.73; 95% CI, 1.07–56.14), were associated with NTM infection.

Conclusions. Risk of NTM infection in SOT recipients was associated with older age at SOT, prior hospital admission, receipt of 
antifungals or lymphocyte-specific antibodies. NTM infection should be considered in SOT patients with these risk factors.
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Nontuberculous mycobacteria (NTM) are environmental mi
croorganisms that cause pulmonary, extrapulmonary, or dis
seminated disease [1]. The incidence of NTM pulmonary 
disease (NTM-PD), the most common presentation, has been 
increasing in the last decades [2, 3]. In many countries, preva
lence of NTM-PD has surpassed that of tuberculosis [4].
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In solid organ transplant (SOT) recipients the use of immu
nosuppressant’s to prevent graft rejection, pose a particular in
creased risk of infection [5, 6]. Although NTM infections in 
SOT are thought to be rare, the true incidence is unknown 
due to the lack of mandatory reporting for NTM. The estimated 
frequency of NTM infection in SOT varies by the transplanted 
organ, highest in lung (0.46–14%), followed by heart 
(0.24–2.8%), kidney (0.16–0.38%), and liver recipients 
(0.04%) [7, 8]. There are no estimates for pancreatic or small 
bowel recipients [9].

Furthermore, distinguishing between colonization and in
fection is often difficult. In a single-center study over a 
10-year period, 1.5% of SOT recipients had positive cultures, 
but 82% of those NTM isolates represented colonization; hence, 
only 0.26% had disease [10]. Knoll et al found that airway col
onization in lung transplant was not associated with decreased 
median post-transplant survival [11].

Risk factors for NTM infection in SOT recipients are not well 
characterized. A case-control study found that lung transplant 
recipients and those with biopsy-proven acute rejection were at 
highest risk of NTM disease [12]. Katsolis et al, looking exclu
sively at lung transplant recipients, found increased risk of dis
ease in those with underlying cystic fibrosis, receipt of 
anti-thymocyte globulin, and NTM infection before transplant 
[13]. Another study of lung transplant recipients found that al
most a quarter had pre-transplant infection with the same 
NTM species [14]. Prior infection was also described by 
Huang et al as a risk factor for infection following transplanta
tion, as well as receipt of a single lung transplant [15]. Shah et al 
found increased risk of NTM infection after lung transplanta
tion in Black Americans and patients with high-risk cytomeg
alovirus (CMV) mismatch [8]. Because previous studies have 
been single center, limited to lung transplant recipients or a 
particular NTM species, the aim of this multinational study 
was to describe the clinical characteristics and risk factors for 
developing NTM infections after SOT.

METHODS

Study Design and Setting

Retrospective, multinational, 1:2 matched case-control study in
cluding SOT recipients diagnosed with NTM infection between 
1 January 2008 and 31 December 2018. We established a multisite 
collaboration with 25 centers from 10 countries in Europe and 
America to study the epidemiology, clinical characteristics, man
agement, and outcomes of transplant recipients with NTM dis
ease (EMOTE study). All sites followed research regulations and 
obtained approval from their local institutional review board. 
Personal health information collected was compliant with the 
Health Insurance Portability and Accountability Act of 1996 
(HIPAA) and European General Data Protection Regulation 
(GDPR) data privacy laws; hence, informed consent was waived.

Participants

We included patients ≥12 years of age who had received a SOT 
prior to the NTM infection and met the case definition. 
NTM-PD needed to fulfil clinical, radiological, and microbiolog
ical diagnostic criteria recommended by guidelines during the 
study period [16, 17]. NTM-PD was also established if the man
aging physician considered treatment was warranted based 
on positive cultures. Extrapulmonary disease required at least 
1 positive culture deemed clinically relevant and meriting thera
py. Systemic disease required involvement of ≥2 noncontiguous 
organs. For each case we selected 2 controls matched on (1) same 
transplanted organ in the same institution as the case; (2) no 
NTM disease up to the date of inclusion; (3) had survived at least 
as long as the case had prior to the NTM diagnosis.

Variables and Definitions

Date of diagnosis was the collection date of the culture(s) 
that met case definition (ie, index date). For controls, a corre
sponding date was chosen based of their matched case’s date 
of diagnosis (ie, if NTM infection develops 500 days post- 
transplantation, the control’s “index date” is 500 days after 
transplantation). We collected demographic characteristics, co
morbidities in the year prior to the index date, transplant char
acteristics (underlying disease leading to transplantation, date 
of transplant, donor age, and post-transplant need for intensive 
care unit [ICU] admission, mechanical ventilation, renal re
placement therapy, CMV disease, and organ rejection), con
comitant infections, and laboratory data (white blood cell 
count, neutrophil and lymphocyte counts, platelets, hemoglo
bin, hematocrit, creatinine, transaminases, total bilirubin, lac
tate dehydrogenase); closest to the index date but limited to 
6 months prior to or after that date. We also collected use of im
munosuppressive therapy, hospitalizations, receipt of chemo
therapy or radiotherapy; all within 90 days of the index date; 
a period based on previous data linking risk of NTM disease 
to acute organ rejection and aimed at identifying augmented 
immunosuppression. Concomitant infection was defined as a 
clinical syndrome with supporting microbiological data and 
warranting therapy. Age at transplant and age at diagnosis refer 
to the age of the patient at the time of SOT and at the time NTM 
infection diagnosis, respectively.

For cases, we recorded clinical symptoms, microbiological 
characteristics (NTM species and susceptibilities, smear posi
tivity, pathology biopsy results, time to culture positivity, num
ber of positive cultures, and specimen source). Abiding GDPR 
rules, date of transplant was time zero and all other events were 
captured as time in days from it.

Data were collected and managed using REDCap (Research 
Electronic Data Capture), a secure, web-based software plat
form electronic data capture tools, hosted at Washington 
University in St. Louis, Missouri, USA, and protected by its 
server’s firewalls [18].
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Statistical Analysis

To assess between-group differences in demographics, trans
plant characteristics, comorbidities, risk factors, concomitant 
infections, and laboratory values we used bivariate conditional 
regression, conditional on matched pairs. To identify risk fac
tors for NTM disease, we used a multivariable conditional 
logistic-regression approach. Variables were selected using a 
forward-stepwise approach with entry criteria of P < .10, and 
variables were retained for P values < .05. Variables with 
> 5% missing data were not considered for inclusion in the 
multivariable models. Additionally, clinically important vari
ables supported by previous studies and a priori expectations 
(underlying lung disease and lymphocyte count) were included 
in all models. Lymphocyte count was an exploratory variable 
considered relevant to include given the biological plausibility 
of well-described increased risk of NTM infection in those 
with poor T-cell function, and higher risk of pulmonary rein
fection in those with lymphopenia [5, 19]. All statistical tests 
were 2-tailed, and P values < .05 were considered significant. 
All statistical analyses were conducted using SAS 9.4 (SAS 
Institute Inc., Cary, North Carolina, USA).

RESULTS

We included 85 cases of NTM infection from 10 Spanish 
(n = 19), 4 American (n = 37), 3 Swiss (n = 7), 2 Italian (n = 
3), 1 Brazilian (n = 6), 1 Canadian (n = 5), 1 Dutch (n = 4), 
1 French (n = 2), and 1 Croatian (n = 2) centers; and 
169 matched controls. For 1 case, only 1 control was available. 
Overall, 59% of the participants were male, 88% were White, 
and median age at transplant was 54 years (interquartile range 
[IQR] 40–62). The most frequent organ transplanted was kid
ney (42%), followed by lung (35%), heart (11%), liver (11%), 
and pancreas (1%). Distribution of demographic and trans
plant characteristics were similar between groups except for 
older age at the time of transplant (58 vs 52 years; P = .009) 
and time of NTM diagnosis (61 vs 55 year; P = .014) in cases 
compared to the controls (Table 1). Comorbidities were simi
larly distributed between groups apart from cancer (11.8% vs 
4.1%; P = .029) that was significantly more frequent in the cases 
(Table 1).

Characteristics of NTM Infections in SOT Recipients

The most common NTM species isolated in SOT were 
Mycobacterium avium complex (MAC) (n = 27, 31.7%), 
Mycobacterium abscessus complex (MABSC) (n = 18, 21.2%), 
and Mycobacterium fortuitum (n = 9, 10.5%) (Table 2 and 
Supplementary Table 1). The number of NTM infections in 
SOT due to slowly growing mycobacteria (SGM) and rapidly 
growing mycobacteria (RGM) was similar (56% vs 44%, respec
tively), and the most common sites of NTM infection were pul
monary (n = 49, 57.6%), skin and soft tissues (n = 18, 21.2%), 

endovascular and disseminated disease (n = 14, 16.5%), 
and other (n = 4, 4.7%). In those with endovascular and dis
seminated disease (n = 14), organ involvement included the 
lungs (n = 8), the gastrointestinal tract (n = 7), lymph nodes 
(n = 3), endovascular (n = 4), bone and joint (n = 2), and skin 
and soft tissues (n = 2); only1 case had a central-line associated 
bloodstream infection due to an RGM. Other sites of infection 
included one case each of mediastinitis, empyema, colitis, and 
kidney allograft infection (Table 2). The majority of those with 
pulmonary NTM (n = 49) were diagnosed with specimens ob
tained through bronchoscopy (n = 38, 77%). In those with dis
seminated disease (n = 14), only 5 (35%) had positive blood 
cultures. Overall, 46% of specimens tested had acid-fast bacilli 
on smears and NTM polymerase chain reaction (PCR) DNA 
sequencing was done in 34% of the samples.

Median [IQR] time from transplant to infection was 
21.6 months [5.3–55.2] and was longer in kidney and liver 
(34.7 months [17.0–64.0] and 21.6 months [7.0–64.0], respec
tively) than in lung or heart recipients (11.3 months 
[4.2–31.0] and 3.5 months [2.9–67.1], respectively). For extrap
ulmonary NTM, median [IQR] time to diagnosis was longer 
than for pulmonary disease (30.6 months [9.4–61.8] vs 20.2 
months [4.6–51.0], respectively), but similar between SGM 
and RGM (Figure 1). Only 11 (13%) cases had a prior positive 
culture that was considered colonization, but none of the NTM 
species identified were the same species that caused disease.

The most common symptoms in patients with pulmonary 
NTM were cough (68%), dyspnea (39%), fever (35%), and fa
tigue (30%). In patients with extrapulmonary NTM infection, 
almost half (46%) had skin lesions, and only 25% had fever. 
However, although fever was frequent in those with dissemi
nated disease (n = 10/14, 71%), only 1 case had skin lesions 
(7%). Most patients with extrapulmonary disease (60%) 
had protean clinical manifestations that varied by site of 
infection.

Risk Factors for NTM Disease

Compared to the controls, cases had more hospitalizations 
(32% vs 18%; P = .006) and were more commonly diagnosed 
with another infection (36% vs 5%; P < .001) in the previous 
90 days. Among those with a concomitant infection, pneumo
nia (32% vs 11%; P < .001) and urinary tract infection (11% vs 
3%; P = .016) were significantly more frequent in cases than in 
controls (Supplementary Table 2). In cases, the most frequent 
concomitant infection was fungal (15%), followed by bacterial 
(13%), and viral (8%). At the time of diagnosis, cases were 
more frequently receiving systemic corticosteroids (85% vs 
75%; P = .027) and had a lower median lymphocyte count com
pared to controls (0.8–103/μL vs 1.2–103/μL; P < .001). Use of 
other immunosuppressant’s within 90 days and suspected or 
confirmed organ rejection prior to the diagnosis was not differ
ent between cases and controls (Table 1). Underlying reasons 
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Table 1. Baseline Characteristics of Solid Organ Transplant Recipients With Nontuberculous Mycobacterial Disease and Their Matched Controls

Clinical Characteristics
Cases 

n = 85 (%)
Controls 

n = 169 (%) OR (95% CI)a P Valueb

Demographic characteristics

Median [IQR] age at diagnosis in years 61 [47–66] 55 [43–64] 1.03 (1.01–1.06) .014

Female sex 35 (41) 68 (40) 1.06 (.59–1.89) .843

White race 72/82 (88) 136/155 (88) .62 (.23–1.65) .512

Transplant characteristics

Type of solid organ transplantationc

Heart 9 (11) 18 (11) … …

Lung 30 (35) 60 (36) … …

Kidney 36 (42) 72 (43) … …

Liver 9 (11) 17 (10) … …

Pancreas 1 (1) 2 (1) …

Median [IQR] age at transplant in years 58 [44–63] 52 [39–61] 1.03 (1.01–1.06) .009

Median [IQR] number of transplants 1 [1–1] 1 [1–1] 1.71 (.78–3.75) .181

Median [IQR] donor age in years 43.5 [26–56] 38 [23–50] 1.02 (.99–1.05) .147

Median [IQR] length of post-transplant ICU stay in days 3 [0–9] 2 (0–6) 1.03 (1.00–1.05) .077

Post-transplant renal replacement therapy 12/82 (15) 20/161 (12) 1.37 (.59–3.17) .463

Post-transplant mechanical ventilation 32/79 (41) 62/156 (40) 1.12 (.44–2.82) .813

CMV serological status

D−/R − 17/72 (24) 26/127 (21) 1.09 (.48–2.45) .836

D+/R + 22/72 (31) 39/127 (31 1.07 (.53–2.17) .856

D−/R + 14/72 (19) 22/127 (17) 1.32 (.57–3.09) .518

D+/R − 19/72 (26) 40/127 (32) .72 (.35–1.48) .374

Post-transplant CMV disease 18 (2) 24 (14) 1.70 (.83–3.48) .143

Median [IQR] viral load in copies/ml 1486 [780–29°000] 24°437 [6033–90°500] 1.00 (.99–1.0) .409

Median [IQR] time to CMV disease in days 106 [29–239] 131 [42–227] 1.00 (.999- 1.0001) .998

Comorbiditiesd

Obesity (BMI ≥30 Kg/m2) 13 (15) 21 (12) 1.38 (.59–3.22) .462

Diabetes mellitus 27 (32) 55 (33) .96 (.53–1.72) .881

Hypertension 37 (44) 80 (47) .82 (.44–1.52) .532

Chronic kidney disease 36 (42) 58 (34) 1.64 (.85–3.15) .139

Congestive heart failure 13 (15) 15 (9) 2.62 (.93–7.33) .067

Cardiac arrhythmia 10 (12) 13 (8) 1.61 (.67–3.85) .284

Chronic lung disorders 16 (19) 20 (12) 1.91 (.87–4.18) .107

Pulmonary circulation disorders 5 (6) 5 (3) 2.19 (.58–8.36) .249

Gastroesophageal disease 15 (18) 25 (15) 1.3 (.6–2.81) .505

End-stage liver disease 5 (6) 5 (3) 4.59 (.5–42.4) .179

Cancer 10 (12) 7 (4) 3.12 (1.12–8.65) .029

Autoimmune disease 12 (14) 12 (7) 2.5 (.95–6.61) .064

Risk factors within 90 days of index date

Concomitant infections 31 (36) 9 (5) 25.85 (6.15–108.65) <.001

Hospital admission 27 (32) 31 (18) 2.84 (1.34–6.01) .006

ICU admission 9 (11) 16 (9) 1.5 (.34–6.7) .596

Use of PPIs or H2-RAs 54 (64) 117 (69) .71 (.38–1.33) .288

Immunosuppression at the time of diagnosise

Calcineurin inhibitor 70 (82) 141 (83) .94 (.42–2.13) .890

Mycophenolate 59 (69) 118 (70) .96 (.48–1.9) .907

mTor inhibitor 10 (12) 13 (8) 1.96 (.66–5.85) .228

Systemic corticosteroids 72 (85) 126 (75) 3.11 (1.14–8.49) .027

Average prednisone dose in mg, median [IQR]f 10 [5–15] 5 [5–15] 1.01 (.99–1.03) .244

Lymphocyte-specific antibodiesg 8 (9) 11 (7) 3.35 (.59–18.88) .171

Organ rejection prior to the index dateh 16 (19) 26 (16) 1.39 (.63–3.07) .416

Median [IQR] days from rejection to index date 214 (78.5–685.5) 985.5 (262–3215) 1.0 (.99–1) .47

Concomitant infections at the time of diagnosis

Bacterial 11 (13) 2 (1) 10.85 (2.42–48.71) .002

Fungal 13 (15) 5 (3) 20.54 (2.64–159.75) .004
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for transplantation and other laboratory values at the time of 
diagnosis did not differ significantly (Supplementary Table 3
and Table 1).

In the multivariable conditional logistic-regression model, 
factors associated with a higher likelihood of NTM infection af
ter SOT included receipt of lymphocyte-specific antibodies (ad
justed odds ratio [aOR], 7.73; 95% confidence interval [CI], 
1.07–56.14; P = .043), receipt of antifungals (aOR, 5.35; 95% 
CI, 1.7–16.91; P = .004), and prior hospitalization (aOR 3.14; 
95% CI, 1.41–6.98; P = .005); all within 90 days of the NTM 
diagnosis.

Older age was associated with 4% higher likelihood of NTM 
disease (aOR 1.04; 95% CI, 1.01–1.07; P = .013) and 8% higher 
likelihood when limited to those with extrapulmonary disease 
(aOR 1.08; 95% CI, 1.02–1.15; P = .008). In those with extrap
ulmonary disease, the multivariable model identified receipt 
of antivirals within 90 days as a factor increasing the likelihood 
of NTM infection (aOR 56.86; 95% CI, 1.58–2043.41; P = .027). 
In the multivariable analysis limited to patients with pulmo
nary disease, hospital admission and prior receipt of antibacte
rial and antifungal therapy were associated with a higher 
likelihood of NTM disease (Table 3).

When lymphocyte count was included in the models, higher 
lymphocyte count was associated with a 75% lower likelihood 
of NTM disease (95% CI, .12–.55; P < .001), and this associa
tion remained significant in the pulmonary (aOR 0.29; 95% 
CI, .09–.9; P = .032) and extrapulmonary models (aOR 0.28; 
95% CI, .1–.84; P = .023) (Table 3 and Supplementary Figure 1).

Pulmonary and Extrapulmonary NTM Disease

In subgroup analysis limited to extrapulmonary NTM disease 
(n = 36), comorbidities, risk factors, demographic and 

transplant characteristics were similarly distributed between 
cases and controls. Compared to controls, cases had been 
more frequently hospitalized (28% vs 13%; P = .041) or diag
nosed with other infections (25% vs 7%; P = .016) within 
90-days of the NTM disease diagnosis, explaining the higher 
use of antibacterial (66% vs 28%; P < .001) and antiviral thera
pies (37% vs 15%; P = .015) seen (Supplementary Table 4).

Those with pulmonary disease (n = 49) were more likely to 
have a concomitant fungal infection (24% vs 5%, OR 9.86; 
95% CI, 2.17–44.72; P < .001) or diagnosed with pneumonia 
(45% vs 14%, OR 7.67; 95% CI, 2.58–22.79; P < .001), 90 days 
prior to the NTM diagnosis (Supplementary Table 5).

Overall, at the time of diagnosis, median lymphocyte 
count was lower in patients with both pulmonary (0.9 vs 
1.2–103/μL; P = .016) and extrapulmonary disease (0.7 vs 1.21– 
103/μL; P = .009) than controls (Supplementary Tables 4 and 5).

DISCUSSION

To the best of our knowledge, this is the first multinational and 
largest study to explore risk factors for NTM infection in SOT 
population. NTM infection was significantly associated with old
er age at the time of transplant, receipt of lymphocyte-specific 
antibody therapy, prior hospital admission and receipt of anti
fungal therapy; all within 90 days of the diagnosis. In the general 
population, older age is a predictor of poor prognosis for 
NTM-PD [20]; however, this has not been previously described 
as a risk factor in SOT. Hospitalization and receipt of antifungal 
therapy within 90 days are likely markers of both delayed NTM 
disease and/or misdiagnosis; however, 15% of the cases did have 
a concomitant fungal infection. Delayed diagnosis is common in 
NTM-PD, yet poorly characterized in the general population 

Table 1. Continued  

Clinical Characteristics
Cases 

n = 85 (%)
Controls 

n = 169 (%) OR (95% CI)a P Valueb

Viral 7 (8) 3 (2) 4.67 (1.21–18.05) .026

Other 2 (2) 1 (1) 4 (.36–44.11) .258

Laboratory values at the time of diagnosis

Median [IQR] white blood cell count (103/μL) 6.29 (4.42–8.35) 5.915 (4.5–8.6) .98 (.90–1.07) .669

Median [IQR] neutrophil count (103/μL) 3.91 (2.6–6.5) 4 (2.8–6.38) 1.0 (.90–1.11) .956

Median [IQR] lymphocyte count (103/μL) .8 (.45–1.19) 1.2 (.79–1.7) .25 (.12–.54) <.001

Median [IQR] aspartate aminotransferase (U/L) 26.5 (19–34.5) 22 (16–27) 1.00 (.99–1.01) .485

Median [IQR] alanine aminotransferase (U/L) 24 (18.5–34.5) 21 (15–31) 1.01 (.99–1.02) .245

Abbreviations: BMI, body mass index; CI, confidence interval; CMV, cytomegalovirus; D, organ donor; ICU, intensive care unit; IQR, interquartile range; H2-RAs, histamine H2 receptor 
antagonists; mTOR, mechanistic target of rapamycin; OR, odds ratio; PPIs, proton pump inhibitors; R, organ recipient.  
aOR and 95% CI from bivariate conditional regression, conditional on matched pairs.  
bP value from Type 3 Wald tests.  
cTransplant type was a matching variable for cases and controls.  
dLimited to comorbidities with a frequency >5 in at least one of the groups.  
ereceived within the 90 days prior to the index date.  
fDoses of different corticosteroids were converted to the equivalent prednisone dose in mg.  
gThis included basiliximab (n = 12) or alemtuzumab (n = 4), rituximab (n = 1), and anti-thymocyte globulin (n = 2).  
hSuspected or confirmed organ rejection.
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[21, 22], and it might impact outcomes as those with NTM-PD 
who achieve microbiological eradication after six months of 
therapy have lower mortality risk [23].

Although 1 of the diagnostic criteria for NTM-PD in current 
guidelines is the exclusion of an alternative diagnosis [24], these 
criteria have not been validated in SOT recipients. In SOT, a 
myriad of infections can occur due to the net state of immuno
suppression, and fungal infections, commonly aspergillosis, are 
well-known to increase morbidity and mortality in this popula
tion [25], potentially leading to misdiagnosis. Additionally, 
Mycobacterium avium complex and Aspergillus species coinfec
tion has been previously reported [26]. Epidemiologically, envi
ronmental co-exposure for fungi and Mycobacteria and 
clinically use of immunosuppressive therapy, are shared risks 
for both diseases in SOT. This might explain the association of 
increased of NTM infection and receipt of antifungal therapy 
seen in this study.

Although, therapy with lymphocyte-specific antibodies in 
this study included almost exclusively basiliximab or alemtuzu
mab, which are commonly used as induction therapy and to 
treat cell-mediated allograft rejection, we found no increased 
risk of NTM infection in those with prior acute organ rejection, 
unlike previously described in another study [12]. Nonetheless, 

the increased likelihood of NTM disease with these agents in 
the multivariable model is supported by the finding of higher 
lymphocyte counts being associated with a lower likelihood 
of NTM disease in the bivariate analysis, and in the predeter
mined entry multivariable model, where it remained the only 
factor significantly associated with NTM disease. This finding 
is biologically plausible, given the increased risk of NTM in
fection in those with poor T-cell function like severe 
combined immunodeficiency, advanced human immunodefi
ciency virus infection, and kidney and liver transplant recip
ients [27–29].

In keeping with findings from other studies where the medi
an onset of NTM infection in transplant recipient varied widely 
[12, 30], in this study time to infection ranged from 6 days to 
27 years. The higher incidence of lung infection seen compared 
to other organs is in keeping with the epidemiology of NTM 
disease in the general population, where around 75% cases 
are pulmonary [31, 32]. Although over half of those patients 
with disseminated NTM infection had evidence of lung involve
ment, none of the lung transplant recipients were diagnosed with 
disseminated disease, similar to that seen by Huang and col
leagues [15]. Furthermore, no case of isolated NTM lymphade
nitis was reported, consistent with previous studies that found 

Table 2. Clinical and Microbiological Characteristics of Nontuberculous Mycobacterial Disease in Solid Organ Transplant Recipients

Characteristics
Overall n = 85 

(%)

Transplant Type

Lung 
n = 30 (%)

Kidney 
n = 36 

(%)

Liver 
n = 9 
(%)

Heart 
n = 9 
(%)

Pancreas 
n = 1 
(%)

Rapid growing mycobacteria 37 (44) 18 (60) 10 (28) 5 (56) 3 (33) 1 (100)

Mycobacterium abscessus complex 18 12 2 1 2 1

Mycobacterium chelonae 8 2 4 1 1 …

Mycobacterium fortuitum 9 3 3 3 … …

Mycobacterium mucogenicum 2 1 1 … … …

Slow growing mycobacteria 48 (56) 12 (40) 26 (72) 4 (44) 6 (67) …

Mycobacterium avium complex 27 9 11 3 4 …

Mycobacterium kansasii 8 … 6 … 2 …

Mycobacterium genavense 5 … 5 … … …

Mycobacterium haemophilum 2 … 2 … … …

Mycobacterium xenopi 1 1 … … … …

Mycobacterium marinum 1 … 1 … … …

Mycobacterium celatum 1 … … 1 … …

Mycobacterium parascrofulaceum 1 … 1 … … …

Mycobacterium scrofulaceum 1 1 … … … …

Mycobacterium gordonae 1 1 … … … …

Site of NTM infection

Pulmonary 49 (58) 26 (87) 12 (33) 5 (56) 5 (56) 1 (100)

Skin and soft tissue 18 (21) 2 (7) 11 (31) 2 (22) 3 (33) 0

Endovascular and disseminated disease 14 (21) 0 11 (31) 2 (22) 1 (11) 0

Othera 4 (5) 2 (7) 2 (6) 0 0 0

Median number of positive cultures [IQR] 1 [1–2] 1 [1–2] 1 [1–2] 2 [1–2] 1 [1–1.5] 3

Median time from transplant to culture positivity in months 
[IQR]

21.6 [5.3–55.2] 11.3 [4.2– 
31.0]

34.7 [17.0– 
64.0]

21.6 [3.5– 
69.6]

3.5 [2.9– 
67.1]

27.3

Abbreviations: IQR, interquartile range; NTM, nontuberculous mycobacteria.  
aOther sites of infection included one case each of mediastinitis, empyema, colitis, and kidney allograft infection.
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it to be rare in the absence of disseminated infection [30, 33]. 
Similarly, yield of mycobacterial blood cultures in disseminated 
disease was slightly lower than previously reported in in people 
with human immunodeficiency virus (HIV) [34].

This study has several limitations. First, there is a risk of mis
classification of some variables (eg, pneumonia) that could have 
overlapped with the outcome of NTM diagnosis, potentially 
leading to erroneous associations of increased risk. To 

Figure 1. Time from transplant to infection by type of nontuberculous mycobacteria. Abbreviations: NTM, nontuberculous mycobacteria; RGM, rapidly growing mycobac
teria; SGM, slow growing mycobacteria.

Table 3. Multivariable Conditional Regression Models of Risk Factors Significantly Associated With Nontuberculous Mycobacterial Disease, Pulmonary, 
and Extrapulmonary, in Solid Organ Transplant Recipients

Multivariable models with stepwise selectiona

Any NTM Disease 
(n = 249)

NTM Pulmonary Disease 
(n = 145)

NTM Extrapulmonary Disease 
(n = 106)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age at transplant 1.04 (1.01–1.07) .013 … 1.08 (1.02–1.15) .008

Chronic lung/pulmonary circulation disorderb … 2.23 (.81–6.14) .12 …

Lymphocyte-specific antibodies 7.73 (1.07–56.14) .043 … …

Prior antibacterials … 5.35 (1.83–15.66) .002 6.71 (1.72–26.22) .006

Prior antifungals 5.35 (1.7–16.91) .004 5.25 (1.33–20.75) .018 …

Prior antivirals … … 0 56.86 (1.58–2043.41) .027

Prior hospital admissionc 3.14 (1.41–6.98) .005 0.33 (1.12–.93) .035 …

Secondary modelsd

… Any NTM Disease 
(n = 185)

NTM Pulmonary Disease 
(n = 128)

NTM Extrapulmonary Disease 
(n = 57)

… OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Lymphocyte count (103/μL) 0.25 (.12–.54) <.001 0.29 (.09–.9) .032 0.28 (.1–.84) .023

Chronic lung/pulmonary circulation disorderb … 1.56 (.46–5.29) .473 …

Prior antibacterials … 3.63 (1.24–10.64) .019 …

Abbreviations: CI, confidence interval; NTM, nontuberculous mycobacteria; OR, odds ratio.  
aModels were generated using a stepwise selection approach with entering in all variables that had ≦5% missing data. Variables were entered into the model with P < .1 and remained in the 
model if P < .05. OR, 95% CI, and P values are shown only for variables that were included in the final models.  
bChronic lung disease/pulmonary circulation disorder was included into the NTM pulmonary disease models.  
cIncludes all admissions within 90 days of the NTM infection diagnosis.  
dModels had lymphocyte count included.
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minimize this we removed such variables from the multivari
able model. Due to the multisite study design there is a risk 
of diagnostic access bias; thus, we addressed this by using 
matched pairs from the same center. In addition, despite being 
the largest case series of NTMs in SOT, the number of patients 
is still relatively small, likely reflecting the low incidence of 
NTM infection after SOT [7], especially when strict diagnostic 
criteria are applied [10]. It could also be due to lack of out
breaks during the study period at the participating centers. 
However, it might represent under diagnosis of NTM infection 
due to a low index of suspicion. The study design did not allow 
us to calculate incidence rates. Moreover, the inclusion of mul
tiple centers from several countries reflects a wide environmen
tal epidemiology and broad scope of medical management. 
Finally, missing data might have limited the precision of the es
timates and increased the likelihood of bias. However, to min
imize potential bias that can result from analyzing variables 
with high rates of missingness, we only considered variables 
with <5% missing data in the multivariable models, with the 
exception of lymphocyte count.

In conclusion, this is the first multinational study describing 
clinical characteristics and risk factors for NTM after SOT. Risk 
of NTM infection after SOT was associated with older age at the 
time of transplant, and hospital admission, receipt of antifun
gals or lymphocyte-specific antibodies; all within 90 days of 
the diagnosis. Higher risk of NTM disease in those with lym
phopenia warrants further investigation. Our study provides 
relevant information to clinicians about the context in which 
NTM infection occurs. An international prospective NTM reg
istry in SOT could help identify predictors to establish an early 
diagnosis for these uncommon infections.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.

Notes
Acknowledgments. This study was performed in collaboration with the 

group for the study of infection in transplant recipients (GESITRA) of 
the Spanish Society of Clinical Microbiology and Infectious Diseases 
(SEIMC), the Study Group for Infections in Compromised Hosts 
(ESGICH) of the European Society of Clinical Microbiology and 
Infectious Diseases (ESCMID), and the Swiss Transplant Cohort Study 
(STCS). We thank the Vancouver Costal Health Research Institute and 
BC Transplant for providing the data as well as the lung transplant clinic 
at Vancouver General Hospital, and the kidney transplant clinic at 
St. Paul’s hospital.

Financial support. This work was not supported by any external funding 
agency in the public, commercial, or not-for-profit sectors. N. J. M. reports 
support for this work from Swiss National Science Foundation for funding 
for data collection, paid to the institution. C. G. reports funding for this 
work provided by the Division of Infectious Diseases, Washington 
University School of Medicine in St. Louis.

Potential conflicts of interest. C. M. C. reports the following grants or 
contracts unrelated to this work: Centers for Disease Control and 
Prevention (CDC) subaward from Johns Hopkins University to the 
Washington University in St. Louis (funding by the CDC grant number 
1U54CK000617-01-00), vendor/individual agreement with Wayne State 
University for a case registry, and Associate Editor for Open Forum 
Infectious Diseases (1 May 2022 through 30 April 2023). D. F. P. reports 
payment or honoraria as a speaker for an antibiotic course for UMC 
Utrecht and as a teacher for Hospital Pharmacists in training for PAO; 
and participation on DSMB for the COBRA trial (Very short-course versus 
standard course antibiotic therapy in patients with acute Cholangitis after 
adequate endoscopic biliaRy drainage) in the Netherlands. M. J. M. reports 
consulting fees from Insmed and Biomerieux; payment or honoraria for 
lectures, presentations, speaker’s bureaus, manuscript writing or educa
tional events from Microsoft Diagnostics (MSD), Insmed, and Teva; sup
port for attending meetings and/or travel from MSD, Berlin Chemie; and 
participation on a Data Safety Monitoring Board or Advisory Board for 
Biomerieux, Insmed, MSD. J. T. S. reports payment or honoraria for man
uscript writing for Gilead on subjects not related to this manuscript. M. B. 
reports support from Pfizer for attending a congress. N. K. reports royalties 
or licenses from Up To Date; consulting fees from Astellas, AstraZeneca, 
Biotest, ExeViR, Hansa, Merck Sharp and Dohme, Glasgow Smith Kline, 
Novartis Pharma, Takeda; payment or honoraria for lectures, presenta
tions, speaker’s bureaus, manuscript writing or educational events from 
Astellas, Biotest, CSL Behring, Chiesi, Novartis Pharma, Sanofi, Sandoz, 
Takeda; and support for attending meetings and/or travel from Astellas, 
Novartis Pharma, Takeda. N. J. M. reports support for attending meetings 
and/or travel paid to author from Biotest; unpaid participation on a Data 
Safety Monitoring Board or Advisory Board for a CTX3 Study and paid 
participation on Advisory Boards for Takeda, MSD, and 
Pfizer. N. M. T. reports payment or honoraria for guest lecture for 
Boston Medical Center and Beth Israel Medical Center; payment for expert 
testimony for record review for Ficksman & Conley, LLP, in Boston, 
Massachusetts; participation on a Data Safety Monitoring Board or 
Advisory Board for United Network for Organ Sharing HIV Organ, 
Policy Equity (HOPE) Act Safety Review, and Workgroup (unpaid); role 
as Chair of the American Society of Transplantation and leadership or fi
duciary role with Infectious Diseases Community of Practice (unpaid). 
O. M. reports payment or honoraria for lectures, presentations, speaker’s 
bureaus, manuscript writing or educational events from MSD; and partic
ipation on a Data Safety Monitoring Board or Advisory Board for 
MSD. S. Be. reports grants or contracts unrelated to this work from 
Vancouver Costal Health Research Institute and Transplant Research 
Foundation of BC; payment or honoraria for lectures, presentations, speak
er’s bureaus, manuscript writing or educational events from Merck; and 
participation on an Advisory Board for Evusheld (AstraZeneca). All other 
authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con
tent of the manuscript have been disclosed.

References
1. Swenson C, Zerbe CS, Fennelly K. Host variability in NTM disease: implications 

for research needs. Front Microbiol 2018; 9:2901.
2. Winthrop KL, Marras TK, Adjemian J, Zhang H, Wang P, Zhang Q. Incidence 

and prevalence of nontuberculous mycobacterial lung disease in a large U.S. man
aged care health plan, 2008–2015. Ann Am Thorac Soc 2020; 17:178–85.

3. Adjemian J, Olivier KN, Seitz AE, Holland SM, Prevots DR. Prevalence of nontu
berculous mycobacterial lung disease in U.S. Medicare beneficiaries. Am J Respir 
Crit Care Med 2012; 185:881–6.

4. Ratnatunga CN, Lutzky VP, Kupz A, et al. The rise of non-Tuberculosis mycobac
terial lung disease. Front Immunol 2020; 11:303.

5. Lake MA, Ambrose LR, Lipman MC, Lowe DM. “Why me, why now?” Using clin
ical immunology and epidemiology to explain who gets nontuberculous myco
bacterial infection. BMC Med 2016; 14:54.

6. Roberts MB, Fishman JA. Immunosuppressive agents and infectious risk in trans
plantation: Managing the “net state of immunosuppression.” Clin Infect Dis 2021; 
73:e1302–17.

e1002 • CID 2023:76 (1 February) • Mejia-Chew et al

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/76/3/e995/6649860 by R

ijksuniversiteit G
roningen user on 22 June 2023



7. Longworth SA, Daly JS, AST Infectious Diseases Community of Practice. 
Management of infections due to nontuberculous mycobacteria in solid organ 
transplant recipients: guidelines from the American Society of Transplantation 
Infectious Diseases Community of Practice. Clin Transplant 2019; 33:e13588.

8. Shah SK, McAnally KJ, Seoane L, et al. Analysis of pulmonary non-tuberculous 
mycobacterial infections after lung transplantation. Transpl Infect Dis 2016; 18: 
585–91.

9. Abad CL, Razonable RR. Non-tuberculous mycobacterial infections in solid organ 
transplant recipients: an update. J Clin Tuberc Other Mycobact Dis 2016; 4:1–8.

10. George IA, Santos CA, Olsen MA, Bailey TC. Epidemiology and outcomes of non
tuberculous mycobacterial infections in solid organ transplant recipients at a mid
western center. Transplantation 2016; 100:1073–8.

11. Knoll BM, Kappagoda S, Gill RR, et al. Non-tuberculous mycobacterial infection 
among lung transplant recipients: a 15-year cohort study. Transpl Infect Dis 2012; 
14:452–60.

12. Longworth SA, Vinnard C, Lee I, Sims KD, Barton TD, Blumberg EA. Risk factors 
for nontuberculous mycobacterial infections in solid organ transplant recipients: 
a case-control study. Transpl Infect Dis 2014; 16:76–83.

13. Katsolis JG, Keller CA, Alvarez F, et al. Nontuberculous mycobacterial infections 
after lung transplantation: risk factors and impact on graft survival and mortality 
in the era of improved detection. 49th Annual Meeting of the Infectious Disease 
Society of America 2011.

14. Friedman DZP, Cervera C, Halloran K, Tyrrell G, Doucette K. Non-tuberculous 
mycobacteria in lung transplant recipients: prevalence, risk factors, and impact on 
survival and chronic lung allograft dysfunction. Transpl Infect Dis 2020; 22: 
e13229.

15. Huang HC, Weigt SS, Derhovanessian A, et al. Non-tuberculous mycobacterium 
infection after lung transplantation is associated with increased mortality. J Heart 
Lung Transplant 2011; 30:790–8.

16. Griffith DE, Aksamit T, Brown-Elliott BA, et al. An official ATS/IDSA statement: 
diagnosis, treatment, and prevention of nontuberculous mycobacterial diseases. 
Am J Respir Crit Care Med 2007; 175:367–416.

17. Haworth CS, Banks J, Capstick T, et al. British Thoracic Society guidelines for the 
management of non-tuberculous mycobacterial pulmonary disease (NTM-PD). 
Thorax 2017; 72:ii1–64.

18. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: building an inter
national community of software platform partners. J Biomed Inform 2019; 95: 
103208.

19. Furuuchi K, Fujiwara K, Uesgi F, et al. Posttreatment lymphopenia is associated 
with an increased risk of redeveloping nontuberculous lung disease in patients 
with Mycobacterium avium complex lung disease. Clin Infect Dis 2021; 73: 
e152–7.

20. Andrejak C, Thomsen VO, Johansen IS, et al. Nontuberculous pulmonary myco
bacteriosis in Denmark: incidence and prognostic factors. Am J Respir Crit Care 
Med 2010; 181:514–21.

21. Jing H, Tan W, Deng Y, et al. Diagnostic delay of pulmonary nontuberculous my
cobacterial infection in China. Multidiscip Respir Med 2014; 9:48.

22. Ryu YJ, Koh WJ, Daley CL. Diagnosis and treatment of nontuberculous mycobacte
rial lung disease: clinicians’ perspectives. Tuberc Respir Dis (Seoul) 2016; 79:74–84.

23. Im Y, Hwang NY, Kim K, Kim H, Kwon OJ, Jhun BW. Impact of time between 
diagnosis and treatment for nontuberculous mycobacterial pulmonary disease 
on culture conversion and all-cause mortality. Chest 2022;161:1192–200.

24. Daley CL, Iaccarino JM, Lange C, et al. Treatment of nontuberculous mycobacte
rial pulmonary disease: an official ATS/ERS/ESCMID/IDSA clinical practice 
guideline. Eur Respir J 2020; 56:2000535.

25. Phoompoung P, Herrera S, Perez Cortes Villalobos A, Foroutan F, 
Orchanian-Cheff A, Husain S. Risk factors of invasive fungal infections in liver 
transplant recipients: a systematic review and meta-analysis. Am J Transplant 
2022;22:1213–29.

26. Joao I, Bujdakova H, Jordao L. Opportunist coinfections by nontuberculous myco
bacteria and fungi in immunocompromised patients. Antibiotics (Basel) 2020; 9:771.

27. Abe Y, Fukushima K, Hosono Y, et al. Host immune response and novel diagnos
tic approach to NTM infections. Int J Mol Sci 2020; 21:4351.

28. Fernandez-Ruiz M, Lopez-Medrano F, Allende LM, et al. Kinetics of peripheral 
blood lymphocyte subpopulations predicts the occurrence of opportunistic infec
tion after kidney transplantation. Transpl Int 2014; 27:674–85.

29. Fernandez-Ruiz M, Lopez-Medrano F, Romo EM, et al. Pretransplant lymphocyte 
count predicts the incidence of infection during the first two years after liver 
transplantation. Liver Transpl 2009; 15:1209–16.

30. Patel R, Roberts GD, Keating MR, Paya CV. Infections due to nontuberculous 
mycobacteria in kidney, heart, and liver transplant recipients. Clin Infect Dis 
1994; 19:263–73.

31. Cassidy PM, Hedberg K, Saulson A, McNelly E, Winthrop KL. Nontuberculous 
mycobacterial disease prevalence and risk factors: a changing epidemiology. 
Clin Infect Dis 2009; 49:e124–9.

32. Hermansen TS, Ravn P, Svensson E, Lillebaek T. Nontuberculous mycobacteria in 
Denmark: incidence and clinical importance during the last quarter-century. Sci 
Rep 2017; 7:6696.

33. Doucette K, Fishman JA. Nontuberculous mycobacterial infection in hematopoietic 
stem cell and solid organ transplant recipients. Clin Infect Dis 2004; 38:1428–39.

34. MacGregor RR, Hafner R, Wu JW, et al. Clinical, microbiological, and immuno
logical characteristics in HIV-infected subjects at risk for disseminated 
Mycobacterium avium complex disease: an AACTG study. AIDS Res Hum 
Retroviruses 2005; 21:689–95.

Risk Factors for NTM Infection in SOT • CID 2023:76 (1 February) • e1003

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/76/3/e995/6649860 by R

ijksuniversiteit G
roningen user on 22 June 2023


