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Summary

The aim of this study was to assess the outcome and tolerability of prophylactic

nebulized liposomal amphotericin B (n-LAB) in lung transplant recipients (LTR)

and the changing epidemiology of Aspergillus spp. infection and colonization. We

performed an observational study including consecutive LTR recipients (2003–
2013) undergoing n-LAB prophylaxis lifetime. A total of 412 patients were

included (mean postoperative follow-up 2.56 years; IQR 1.01–4.65). Fifty-three
(12.8%) patients developed 59 Aspergillus spp. infections, and 22 invasive

aspergillosis (overall incidence 5.3%). Since 2009, person-time incidence rates of

Aspergillus spp. colonization and infection decreased (2003–2008, 0.19; 2009–
2014, 0.09; P = 0.0007), but species with reduced susceptibility or resistance to

amphotericin significantly increased (2003–2008, 38.1% vs 2009–2014, 58.1%;

P = 0.039). Chronic lung allograft dysfunction (CLAD) was associated with

Aspergillus spp. colonization and infection (HR 24.4, 95% CI 14.28–41.97;
P = 0.00). Only 2.9% of patients presented adverse effects, and 1.7% required dis-

continuation. Long-term administration of prophylaxis with n-LAB has proved

to be tolerable and can be used for preventing Aspergillus spp. infection in LTR.

Over the last years, the incidence of Aspergillus spp. colonization and infection

has decreased, but species with reduced amphotericin susceptibility or resistance

are emerging. CLAD is associated with Aspergillus spp. colonization and infection.

Introduction

Aspergillus spp. is the most common cause of invasive fun-

gal infection in lung transplant recipients (LTR) [1].

Despite the advances in antifungal drugs, infection by

Aspergillus spp. is associated with persistently high mortal-

ity in this population [2]. Therefore, preventive measures

are preferred over treatment, but the optimal antifungal

drug, use of universal or targeted prophylaxis, and duration

of the prophylactic strategy remain to be determined [3].

Among available antifungal agents, amphotericin B by

nebulized administration (n-AB) reaches the most distal

areas of the bronchial tree while avoiding drug interactions

and systemic side effects [4]. However, information is
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lacking on the efficacy of n-AB, the incidence of break-

through aspergillosis, and the impact of n-AB exposure on

Aspergillus speciation or susceptibility to this drug [5].

Several types of n-AB preparations are available. In April

1993, we began using prophylactic nebulized B deoxycholate

(n-ABD) for Aspergillus spp. infection in all LTR. In July

2003, n-ABD was switched to nebulized liposomal ampho-

tericin (n-LAB) because n-ABD supply was lacking on the

Spanish market. We then attempted to work out a lifetime

n-LAB prophylactic strategy. The initial results were

reported in a previous study [6], which included the first

104 LTR receiving prophylactic n-LAB in two centers and

followed up for 12 months. The n-LAB strategy proved

effective, with a 1.2% incidence of invasive aspergillosis

(IA). We also observed [7] that drug concentrations after

n-LAB remained high and adequate for Aspergillus spp. pro-

phylaxis during 14 days, a convenient administration inter-

val. Other publications have reported good tolerance to

n-LAB [6] and an optimal safety profile [8], with no evidence

of significant systemic absorption [7,9], effects on respiratory

function [7], or changes in lipid content of pulmonary sur-

factant[10], permitting long-term administration.

After 10 years of experience with this therapy in our cen-

ter, we have now set out to reassess the outcome and tolera-

bility of prophylactic nebulized liposomal amphotericin B

(n-LAB) in a large number of LTR over lengthy follow-up.

In addition, we have investigated the long-term impact of

prophylactic n-LAB use on the evolution of Aspergillus spp.

infection and colonization in LTR, and associations

between these infections and chronic lung allograft

dysfunction (CLAD).

Materials and methods

Study setting and patient population

A retrospective, observational study was performed on all

consecutive adult patients undergoing lung transplantation

in Hospital Univeristari Vall d’Hebron (Barcelona, Spain)

from July 2003 to July 2013, receiving lifetime n-LAB pro-

phylaxis.

We included all patients older than 18 years who had

survived more than 24 h after transplantation. All patients

had been followed up for at least 1 year or until death.

Cases of Aspergillus spp. infection were identified through

the General Hospital, Microbiology, and Histopathology

databases, using a standardized protocol. The study proto-

col was approved by the Vall d’Hebron Ethics Committee

for Clinical Research.

Prophylaxis for Aspergillus spp. infection

Since July 2003, all patients undergoing lung transplantation

in our center receive 25 mg (6 ml) of n-LAB thrice weekly

for the first 60 days, 25 mg once weekly between 60 and

180 days, and 25 mg once every 2 weeks thereafter, for life.

Routinely, all patients with episodes of Aspergillus spp. colo-

nization and all high-risk patients (suture abnormalities,

post-transplantation culture isolation of Aspergillus spp.,

CMV disease, or increased immunosuppression) are treated

by maintaining or increasing the n-LAB dose to thrice weekly.

In our center, prophylaxis with azoles or echinocandins is

not routinely performed, except in patients with pretrans-

plant colonization with AB-resistant fungi (A. terreus, Sce-

dosporium spp.) or with severe intolerance to inhaled n-LAB.

Disease definitions

Classification of Aspergillus spp. colonization and infection

is described in Table 1. Pretransplant Aspergillus spp. colo-

nization included colonization from minimum 1 year

before the transplant onwards and positive intra-operative

respiratory samples from the explanted organ. Ulcerative

tracheobronchitis and invasive pulmonary aspergillosis

(IPA) were regarded as invasive aspergillosis (IA), whereas

simple tracheobronchitis, bronchial stent infection, and

native-lung aspergilloma were classified as noninvasive

aspergillosis (NIA). The EORTC/MSG [11] and Interna-

tional Society of Heart and Lung Transplantation (ISHLT)

[12] criteria were used to define IA cases, and only proven

and probable cases were included.

We examined factors that were associated with Aspergillus

spp. infection in previous studies: single lung transplant,

chronic gram-negative bacteria colonization, bronchial

stenosis, acute rejection, CMV disease, bronchial stent, pre-

transplant and post-transplant Aspergillus spp. colonization,

massive inhalation, excessive immunosuppression, abandon-

ment of prophylaxis, and induction immunosuppression

therapy [13,14]. Excessive immunosuppression was defined

as an amount of corticosteroid (the equivalent of 1 mg/kg

daily doses of prednisone during the last month) given as

therapy or pulses, and/or treatment with thymoglobulin,

basiliximab, OKT3, and total lymphoid irradiation (TLI).

Aspergillus spp. infection and colonization were catego-

rized into early-onset, occurring <90 days after transplanta-

tion and late-onset, occurring >90 days after. [15] Therapy

response was categorized as success or failure, as has been

described elsewhere. [16] Mortality was considered IA-related

if IA was the cause or played a major role in the patient’s

death, and IA-unrelated if IA played a minor or no role.

Statistics

A descriptive analysis was performed. Continuous variables

are expressed as the median and range. All proportions

were calculated as percentages of patients with available

data. Categorical variables were analyzed using the
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chi-square test. Aspergillus spp. colonization and/or infec-

tion incidence rates were calculated as number of cases at

risk during follow-up time. We assessed the influence of

Aspergillus spp. colonization/infection on the time to subse-

quent development of CLAD and the reverse relationship

with Cox proportional hazards regression: onset of CLAD

and Aspergillus spp. colonization/infection were time-de-

pendent covariates. Differences were considered significant

at a value of P < 0.05.

Results

Patients and baseline characteristics

A total of 412 patients were included, and mean postopera-

tive follow-up was 2.56 years (IQR 1.01–4.65). Clinical

characteristics of the study population are reported in

Table 2.

Aspergillus spp. infections

Overall, 53 (12.9%) patients developed 59 Aspergillus spp.

infections: most patients manifested only noninvasive

forms (31/412, 7.5%) and the remaining patients, invasive

disease (22/412, 5.3%), which yielded a 3.6% 1-year

cumulative incidence of IA. Of the 22 IA patients, 15

(3.6%) had IPA and 7 (1.7%) ulcerative tracheobronchitis.

Of the 31 NIA patients, 23 (5.6%) had simple tracheo-

bronchitis, 6 (1.5%) bronchial stent infections, and 2

(0.7%) native-lung aspergillomas (Fig. S1). Six patients

(1.5%) presented 2 episodes of infection. None of the

patients had disseminated infection and two patients had

only extrapulmonary involvement (1 sternal osteomyelitis,

1 wound infection).

Median time from transplantation to the first Aspergillus

spp. infection was 266 days (107–884 IQR). Based on the

time, infection was diagnosed after transplantation; 50

(84.7%) were classified as late-onset (Fig. 1). Overall about

half of Aspergillus spp. infections (30/59; 50.8%) occurred <
270 days (9 months) after transplant. Fifteen of 22 IA

(68.1%) occurred <12 months after transplant (Fig. 1).

Table 2. Demographic data and patient characteristics.

Variable Number of patients (%)

Patients 412

Age, mean (SD), years 49.9 (�11.4)

Sex, n (%)

Male 257 (62.4)

Female 155 (37.6)

Pretransplant diagnosis, n (%)

Idiopathic pulmonary fibrosis 159 (38.6)

Chronic obstructive pulmonary disease 152 (36.9)

Cystic fibrosis 26 (6.3)

Primary pulmonary hypertension 18 (4.4)

Bronchiectasis 17 (4.1)

Lymphangioleiomyomatosis 15 (3.6)

Others 25 (6.1)

Pretransplant Aspergillus colonization, n (%) 74 (18)

Transplant type, n (%)

Double 264 (64.1)

Single 148 (35.9)

Table 1. Classification of Aspergillus spp. colonization and infection modified [6,11,12].

Colonization Single positive bronchoalveolar lavage or bronchial aspirate; or positive bronchoalveolar lavage

galactomannan test; or at least two positive sputum cultures or tracheal aspirate for

Aspergillus spp. in asymptomatic patients with normal-appearing respiratory mucosa or

absence of endobronchial lesions

Aspergillus infection

Simple tracheobronchitis Detection of Aspergillus spp. and clinical symptoms (e.g, purulent sputum production) plus

bronchoscopy findings of mucus and edematous red mucosa, with bacterial infection ruled out.

Bronchial stent infection Detection of Aspergillus spp. and clinical symptoms (e.g, purulent sputum production) plus

bronchoscopy findings of mucus and edematous red mucosa, with bacterial infection ruled

out in patients with bronchial stent

Native lung aspergilloma An approximately spherical shadow with surrounding air, also called a fungal ball, in

a pulmonary cavity, with serological or microbiological evidence that Aspergillus spp. is

present in the material

Ulcerative/pseudomembranous tracheobronchitis Detection of Aspergillus spp. with bronchial biopsy and/or bronchoscopy findings of necrotic

ulcers or pseudomembrane in the anastomosis or in the tracheobronchial tree that

disappeared after treatment

Invasive pulmonary aspergillosis Detection of Aspergillus spp. with evidence of tissue damage on lung histopathology or

radiological signs of invasive aspergillosis
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Findings on bronchoscopy, performed in 58 of 59 patients,

are reported in Tables 3 and 4. The clinical characteristics,

microbiological, bronchoscopy and radiologic findings,

treatment, and outcome of IA patients are reported in

Table 3. Thirteen IA patients (59.1%) met criteria for pro-

ven IA and 9 (40.9%) for probable IA.

In addition, 68 post-transplant Aspergillus spp. coloniza-

tions were noted in 61 LTR (14.8%). Six LTR (9.8%)

developed Aspergillus spp. infection at any time after post-

transplant colonization (only 1 IA, 1.6%). Person-time

incidence rates of Aspergillus spp. colonization and infec-

tion were lower in the last 5 years of the study (2003–2008,
0.19; 2009–2014, 0.09; P = 0.0007; Fig. 2).

Tolerability

Over the 10-year study period, only 12 (2.9%) of 412

patients with lifetime prophylaxis and prolonged follow-

up (2.56 years, IQR 1.01–4.65) experienced mild adverse

effects associated with n-LAB. Mild, transitory breathing

difficulty occurred in 8 patients (1.9%), nausea in 3

(0.7%), and dizziness in 1 (0.2%). Prophylaxis had to be

stopped in 7 (1.7%) because of secondary effects, and 7

(1.7%) other patients abandoned n-LAB prophylaxis

spontaneously.

Etiology

Infections due to nonfumigatus Aspergillus species

(A. flavus, A. niger, A. nidulans, and A. terreus) were more

common (35/59, 59.3%) than those caused by A. fumigatus

(11/59, 18.6%). Mixed infections by 2 or 3 Aspergillus spe-

cies occurred in 22% of episodes. Of interest, 1 cryptic

Aspergillus flavus complex (A. alliaceus) was isolated in 1

patient with IA.

Although Aspergillus colonization and infection rates

decreased over the last 5 years (Fig. 2), cases involving

Aspergillus species with reduced susceptibility or resistance

to amphotericin (A. flavus, A. terreus, and A. alliaceus) sig-

nificantly increased (2003–2008, 38.1% vs 2009–2014,
58.8%; P = 0.04; Fig. 2).

Factors predisposing to Aspergillus spp. infection

Factors predisposing to Aspergillus spp. infection are listed

in Table 5. Of note, more than half the Aspergillus spp.

infection episodes were associated with chronic gram-nega-

tive colonization (57%), mainly P. aeruginosa.

No significant differences were observed between early

and late IA episodes, although there was a trend toward

greater frequency of association with bronchial stenosis

(55.1% vs 10%, P = 0.13) and CLAD (42.9% vs 0%,

P = 0.01) in late episodes. The rate of Aspergillus spp. infec-

tions in double LTR was similar to that of single LTR

(13.6% vs 11.5%, P = 0.6).

Aspergillus spp. and chronic lung allograft dysfunction

Time-dependent Cox regression analysis showed that

CLAD was associated with the development of Aspergillus

spp. colonization and infection in all patients (HR 24.4,

95% CI 14.28–41.97; P = 0.00; Fig. 3a).

We found no time-dependent relationship between colo-

nization and infection by Aspergillus spp. in general and

development of CLAD (HR 0.77, 95% CI 0.44–1.34,
P = 0.3; Fig. 3b).
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Treatment and mortality

IA patients were treated with various antifungals until suc-

cessful therapy response was achieved. Then, antifungal ther-

apy was interrupted and n-LAB prophylaxis was restarted

lifetime. (Table 3), and 60% had a successful outcome; med-

ian time to cure was 178 days (IQR 32–872). Successful
therapy response was similar IA caused by potentially

amphotericin-resistant species and IA by other Aspergillus

species (57.1% vs 50.0%, respectively; P = 0.5). All cases of

simple tracheobronchitis had successful outcomes. Patients

with a bronchial stent had a poorer prognosis, showing a

high rate of therapy failures (7/9, 77.8%), persistent chronic

infection, and development of simple tracheobronchitis (2/

9, 22.2%) or IA (1/9, 11.1%), despite treatment.

In total, 14 (63.6%) patients died after IA was detected,

with 9 related (40.9%) and 5 unrelated (22.7%) deaths.

Within IA forms, 8 of 15 (53.3%) patients with IPA and 1

of 7 (14.3%) with ulcerative TB presented a related death.

Related mortality was 40.9% in invasive disease versus

3.2% in noninvasive forms (1 aspergilloma), and mortality

was similar in IA caused by potentially amphotericin-resis-

tant species and IA by other Aspergillus species (40.0% vs

42.9%, respectively; P = 1.0). Overall, 9 LTR (2.2%) died

of Aspergillus spp. infection, accounting for 4.7% of the 188

deaths in these patients.

Discussion

The strengths of the present study reside in the large lung

transplant population analyzed and the lengthy follow-up

(compared to previous literature in this line) to reassess the

outcome and tolerability of n-LAB. In addition, the long-

term impact of prophylactic n-LAB use on the evolution of

Aspergillus speciation and susceptibility to this drug was

investigated.

In our LTR cohort, the overall incidence of Aspergillus

spp. infection was 14.3% and IA incidence was 5.3%.

Although it is difficult to compare Aspergillus spp. infection

rates between studies, most publications in which universal

or targeted Aspergillus spp. prophylaxis has been used in

LTR have reported invasive disease rates ranging from

1.5% to 12.2% [17–19].
In terms of tolerability, our n-LAB prophylaxis strategy

proved to be good [7,9,10] allowing lifetime maintenance.

Table 4. Bronchoscopy findings in invasive aspergillosis (IA) and nonin-

vasive aspergillosis (NIA).

Ulcerations or

pseudomembrane

or plaques Mucus Erythema Normal Total

IA 13 (59%) 4 (18.2%) 2 (9.1%) 2 (9.1%) 21/22

NIA 0 32 (86.4%) 3 (8.1%) 2 (5.4%) 37/37

Evolution of Aspergillus spp. infection and colonization

Pe
rs

on
-t

im
e 

in
ci

de
nc

e 
ra

te

Aspergillus spp. sensitive to AB

Aspergillus spp. with reduced
susceptibility or resistence to AB

Time/years
Person-time 

follow-up (days)
Rate

Incidence rate ratio
95% CI P

2003–2008 214.53088 0.191 1.97 0.14-0.25
0.0003

2009–2014 857.06018 0.096 1.32 0.07-0.12

Figure 2 Person-time incidence rates and incidence rate ratios of Aspergillus spp. infection and colonization, and evolution of Aspergillus spp. with

reduced susceptibility or resistance (A. flavus, A. terreus, and A. alliaceus) to amphotericin from July 2003 to December 2008 (before 2009) and from

January 2009 to July 2014 (after 2009). AB, amphotericin B.
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In our series, prophylaxis with n-LAB was well tolerated,

with only 2.9% of adverse effects and 1.7% of patients

requiring treatment withdrawal for this cause. Similar

tolerance has been reported in other studies [8,9]. One dis-

advantage of this therapy is local irritation with secondary

effects such as bronchospasm (1.9%), but the use of salbu-

tamol or halving the drug concentration can improve these

symptoms. Inhaled n-LAB has the advantage that distribu-

tion is limited to the respiratory tract, there is no systemic

absorption [7,9], and high levels of antifungal concentra-

tions can be achieved in the lung without changes in

respiratory function. Thus, the risk of nephrotoxicity is

averted and the drug can be administered over lengthy

periods. In comparison with azoles, n-LAB has a lower inci-

dence of systemic side effects (especially hepatotoxicity)

[17,20,21], and an absence of interactions with immuno-

suppressive drugs and glucocorticoids [7].

Aspergillus spp. infection was formerly considered an

immediate post-transplantation complication, but recent

evidence indicates that it can occur much later after lung

transplantation [2,15,22]. The high proportion of late-onset

Aspergillus spp. infection (84.7%) cases and median time to

the first Aspergillus spp. infection (266 days) in our cohort

concur with these findings. Probably changes in routine

antifungal prophylaxis patterns against Aspergillus species

appear to be shifting the occurrence of Aspergillus spp. infec-

tion later after transplantation. Other factors that may led to

higher rate of late-onset infections could be age, overim-

munosuppression or changes in immunosuppressive regi-

mens (sirolimus use in correlation with tacrolimus), and

chronic lung allograft dysfunction [2,15,22].These results

are of particular interest considering that the duration of

antifungal prophylaxis is usually limited to the first 3–
6 months after transplantation [3,23]. Unfortunately, a con-

sensus does not exist on what length of treatment should be.

Aspergillus spp. colonization and infection rates have

decreased in the last 5 years in our center. In contrast to

the findings from a recent epidemiologic study on Aspergil-

lus species in Spain [24,25] and previous series in LTR

[1,2], significant increases have occurred in colonization

and infection by Aspergillus species with reduced suscepti-

bility or resistance to AB. However, these species did not

seem to be associated with lower successful outcome or

higher mortality in our series. These data may have differ-

ent interpretations. Probably these results are related to a

more extensive n-LAB use over time in daily practice

[6–10]. As has been reported [7], our protocol prescribes

n-LAB use every 2 weeks starting from 6 months post-

transplantation. It may be that inhaled n-LAB concentra-

tions at this lengthy dosing interval are not high enough to

inhibit growth of these potentially resistant Aspergillus spe-

cies, and this would favor late-onset colonization and infec-

tion. Moreover, primary in vitro resistance to AB has been

observed for A. terreus, which is intrinsically resistant to

AB and A. flavus, in which resistance is 10–15% [26]. In

addition, resistance development during AB treatment is

rare, but isolates recovered from patients who previously

received AB have shown higher MICs than those from

patients without AB exposure [5,27]. Although the current

knowledge regarding emergence of resistant organisms in

patients receiving prophylactic n-LAB is poor [5,27,28], this

situation may be a sentinel event that needs to be monitored

and strictly surveilled. Although delayed occurrence of

Aspergillus infection in LTR has relevant implications, these

worrisome long-term consequences of indefinite treatment

and the controversial use of lifetime prophylaxis in LTR do

not support the use of universal long- term prophylaxis and

highlight the need of individualizing. Probably it may be

advisable to recommend universal prophylaxis post-trans-

plant (6–12 months) and consider an extended course,

mainly in targeted high-risk patients (acute and chronic

rejection, augmented immunosuppression and CMV infec-

tion, fungal colonization). In this situation, the convenient

administration schedule of n-LAB (every 2 weeks) would be

a positive factor, conducive to adherence [7].

Post-transplant Aspergillus spp. colonization is a known

risk factor for subsequent IA in LTR [29]. The incidence of

Aspergillus spp. colonization in LTR receiving various anti-

fungals and no prophylaxis varies from 4% to 28.1% [3].

Of note, our colonization rate was 14.8%, all but 6 episodes

resolved, and there was only one subsequent case of IA.

These findings seem to indicate that our standard practice

of increasing n-LAB dose to 3 times weekly when Aspergil-

lus spp. colonization is detected suffices to prevent the

development of IA.

Previous studies have suggested that CLAD may be a risk

factor for subsequent Aspergillus spp. Infection [13,30].

Although we did not statistically control for other effects

(as it was not the main aim of our study), the results of our

investigation support this notion. Considering that LTR

Table 5. Risk factors potentially associated with the development of

59 Aspergillus spp. infections in 53 lung transplant patients.

Risk factors

Aspergillus

spp. infections n (%)

Chronic gram-negative bacterial colonization 38/59 (64.4)

Bronchial stenosis without stent 28/59 (47.5)

Chronic lung allograft dysfunction 21/59 (35.6)

Acute rejection 15/59 (25.4)

CMV disease 14/59 (23.7)

Bronchial stent 14/59 (23.7)

Pre-transplant Aspergillus spp. colonization 9/59 (15.2)

Massive inhalation 8/59 (13.6)

Overimmunosuppression 6/59 (10.2)

Abandonment of prophylaxis 4/59 (6.8)

Induction immunosuppression 3/59 (5.1)
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with CLAD may have a combination of overimmunosup-

pression and nonuniformly distributed restrictive and

obstructive processes that can affect regional n-LAB

deposition and favor Aspergillus spp. infection [31], it could

be reasonable to intensify the frequency of n-LAB adminis-

tration in these patients. Nonetheless, although previous

studies have found an association between Aspergillus spp.

colonization and infection [32,33] and posterior develop-

ment of CLAD, our results did not confirm this relation-

ship.

Although previous reports have alluded to a higher inci-

dence of Aspergillus spp. infections in single lung transplant

recipients [34], this difference was not observed in our

cohort and the incidence of aspergilloma in native lung was

low. It is likely that n-AB distribution occurs preferentially

in the allograft, with unreliable distribution in the native

lung, although sufficient to prevent Aspergillus spp.

infection [31].

Of interest, chronic colonization by gram-negative bacte-

ria in our series was often associated (57.4%) with Aspergil-

lus spp. infection. The reason for this association is

uncertain. It may be that LTR with CLAD may have a

parenchymal disease that could advantage proliferation of

multiple organisms. Moreover, the local lung milieu in

(a)

(b)

Figure 3 Time-dependent Cox-regression analysis: (a) development of Aspergillus spp. colonization or infection after chronic lung allograft dysfunc-

tion (CLAD); (b) Development of CLAD after Aspergillus spp. colonization or infection.
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patients colonized by gram-negative bacteria could favor

proliferation of Aspergillus spp., as has been described in

cystic fibrosis patients [13,35].

Bronchial stent infections have a poor prognosis, with very

low cure rates. The presence of a foreign body, which can act

as a fungal reservoir, may promote Aspergillus spp. biofilm

formation, making antifungal penetration difficult [36].

The main limitation of this study is its observational and

retrospective design and the necessary assumption of

changes in the diagnosis and therapy of Aspergillus spp.

infection to adapt to advances in the management of these

patients over the lengthy study period. Lastly, in our

cohort, incidence of cystic fibrosis (6.3%) is lower than

reported in other series [3]. Therefore, it may need to be

taken into account when comparing Aspergillus spp. infec-

tion and colonization rates with other studies, because it

may be underestimated.

In conclusion, prophylaxis with n-LAB at the dose and

frequency described has proved to be tolerable and can be

used for preventing Aspergillus spp. infection in LTR. Over

the last years, the incidence of Aspergillus spp. colonization

and infection has decreased. Nevertheless, Aspergillus spe-

cies with reduced susceptibility or resistance to AB are

emerging but do not seem to be associated with lower suc-

cessful outcome or higher mortality in our series. Emer-

gence of resistant organisms in patients receiving

prophylactic n-LAB may be a sentinel event that needs

surveillance. CLAD is associated with the development of

Aspergillus spp. colonization and infection, and n-LAB

prophylaxis could be intensified in patients with this fac-

tor. A multicenter randomized controlled trial is war-

ranted to assess the efficacy of Aspergillus spp. prophylaxis

in LTR.
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