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Abstract

Background—Prospective studies to determine associated risk factors and related outcomes for 

pulmonary fungal infection (PFI) after pediatric lung transplant (PLT) are lacking.

Methods—NIH-sponsored Clinical Trials in Organ Transplantation in Children enrolled PLT 

candidates, collecting data prospectively for 2 years post-transplant. Demographics, signs/

symptoms, radiology, pathology and microbiology were collected. Analyses evaluated for PFI-

related risks and outcomes.

Results—In 59 PLT, pre-transplant fungal colonization occurred in 6 donors and 15 recipients. 

Cystic fibrosis (CF) was associated with pre-transplant colonization (p<0.01). Twenty-five (42%) 

PLT had 26 post-transplant colonizations (median=67d, range=0–750d) with Candida(13), 

Aspergillus(4), mold(6) or yeast(3). Post-PLT colonization was not associated with CF, age or pre-

PLT colonization. Thirteen PFIs occurred in 10(17%) patients, 3 proven (Candida species) and 10 

probable (Candida[3], Aspergillus[3], Penicillium[3], and mold[1]). PFI was preceded by post-

PLT colonization with the same organism in 4 of 13 PFI, but post-PLT colonization did not predict 

subsequent PFI(p=0.87). Older age at transplant was a risk for PFI(p<0.01). No mortality was 
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attributed to PFI. Prophylaxis use was not associated with decreased post-PLT colonization 

(p=0.60) or PFI (p=0.48).

Conclusion—In PLT, PFI and fungal colonization are common but without associated mortality. 

Post-PLT colonization did not predict PFI. Optimal prevention strategies require additional study.
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Background

Fungal infection remains a serious complication for patients after lung transplantation. 

Invasive aspergillosis was reported in 3% to 16% of adult lung transplant recipients, with a 

mortality rate of 41% to 50%.1–5 In a retrospective multi-centered study of 555 pediatric 

lung transplant recipients, pulmonary fungal infection (PFI) was reported at similar rates 

with 10.5% infected by one-year post-transplant. Episodes of acute rejection (AR) and age ≥ 

15 years were predictive of subsequent PFI. However, this retrospective study did not 

evaluate the impact of colonization or preventative therapy.6 A smaller retrospective, single-

center study of pediatric patients showed post-transplant colonization rates of 60%, but did 

not find significant association between colonization and subsequent PFI.7 Adult 

populations have shown increased incidence of invasive pulmonary aspergillosis following 

pre-transplantation or post-transplantation colonization by Aspergillus, but risk factors for 

progression were not well defined.8 The data from these studies relied on retrospective data 

and were limited by availability of patient records.9 Further, the cohorts of recipients were 

transplanted before the contemporary era of antifungal prophylaxis. We conducted a 

prospective, observational cohort study of pediatric lung transplant recipients initially 

designed to evaluate the impact of respiratory viruses on outcome. As a substudy, we 

evaluated fungal colonization, pulmonary fungal infections (PFI) and outcomes within two 

years of transplantation.

Methods

This NIH-funded Clinical Trials in Organ Transplant in Children (CTOTC-03) study was 

performed at six institutions in the United States from 2009 to 2013 following Institutional 

Review Board (IRB) approval. This prospective, longitudinal study of pediatric lung 

transplant recipients collected microbiology, radiology, histology, and clinical data. All 

cultures were obtained from bronchoalveolar lavage (BAL) fluid or from pleural fluid (on 

one occasion). Data collection began prior to transplant and continued up to two years post-

transplant or until either death or retransplantation, whichever occurred first. Clinical data 

was collected at scheduled visits including: pre-transplant, at transplant along with relevant 

donor demographics, and at post-transplant weeks 2, 4, 6, 8 and months 3, 6, 9, 12, 18 and 

24. Additionally, data collection occurred with clinical symptoms at unscheduled study visits 

including events prior to 2 weeks post-transplant.
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Therapy Regimens

Patients underwent routine pre-transplant evaluation. Induction and standard 

immunosuppression were determined by the transplant center and followed International 

Pediatric Lung Transplant Collaborative (IPLTC) guidelines.10 For induction, three centers 

used an IL-2 antagonist (43 patients), two used rabbit anti-thymocyte globulin (13 patients), 

and one administered no induction therapy (3 patients). Triple drug maintenance 

immunosuppressive therapy included tacrolimus, mycophenolate and prednisone, with 

standardized levels for tacrolimus. Fungal prophylaxis was determined by the local center.

Definitions

Fungal events were defined based on fungal classification guidelines (ISHLT 2010 and 

EORTC/MSG 2008)11,12 adapted to the available study data. Events were classified by two 

independent members of the research team with discrepancies adjudicated by a third 

member.

Pre-transplant colonization—In donors, pre-transplant colonization was defined as a 

positive culture with a fungal organism from the implanted organ. In recipients, pre-

transplant colonization was defined as either: (1) fungal organisms in the explanted organ or 

(2) previous history of pulmonary fungal colonization or infection as reported in the clinical 

pre-transplant history.

Post-transplant colonization—Positive culture of a fungal organism without meeting 

the definition below of PFI based on symptoms, radiology, and histopathology.

Proven PFI—Presence of all of the following: (1) positive culture, (2) symptoms 

suggestive of PFI, (3) radiological signs or locally visualized purulent sputum without 

competing etiology, and (4) positive histopathology or cultured organism from sterile tissue.

Probable PFI—Presence of all of the following: (1) Positive culture or galactomannan 

blood assay, (2) symptoms suggestive of PFI, (3) radiological signs or locally visualized 

purulent sputum without competing etiology, and (4) negative or absent histopathology.

Acute cellular rejection—Defined according to the ISHLT criteria.13

Prophylaxis—Anti-fungal regimens first prescribed within the first two weeks (≤ 14 days) 

post-transplant and initiated without prior post-transplant colonization or PFI. Changes to 

the regimen that occurred within 21 days of the previous medication were considered a 

continuation of prophylaxis. Prophylaxis regimens lasting more than 30 days from transplant 

were defined as extended prophylaxis.

Pre-emptive therapy—Initiation of a new anti-fungal medication prescribed within one 

week (≤ 7 days) after a new post-transplant colonization was reported.
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Statistical Analysis

Collected data were managed and stored by RHO Inc. (Chapel Hill, NC), with analyses 

performed at Cincinnati Children’s Hospital Medical Center with JMP (Version 12.1.0, 

Cary, NC) and SAS (Version 9.4, Cary, NC). Association was assessed by status of pre-

transplant colonization, post-transplant colonization, and PFI. Association with continuous 

and nominal or ordinal variables were done using 2-tailed t-tests and Fisher’s exact test or 

chi squared tests, respectively. Survival tests were conducted with Kaplan-Meier and Cox 

Proportional Hazards (PH) models to determine association between events with death, 

retransplantation or 730 days post-transplant as censored time points in this time to PFI 

model, whichever occurred first. Significance was evaluated at a p-value of ≤ 0.05.

Results

In this prospective cohort, 61 patients were enrolled and transplanted between 2009 and 

2013 and followed until death, re-transplantation, or 24 months post-transplant, whichever 

occurred first. Two patients who died within 21 days of transplant were excluded from 

analysis; neither patient had a post-transplant fungal event prior to death. Two reported 

fungal infections were excluded: tinea corporis and a positive urine culture for Candida 
species. Thirty-nine (59%) patients were female, with a mean age of 12.13 years (range = 

0.74 to 19.10 years). Cystic fibrosis (CF) was the primary diagnosis pre-transplant in 29 

patients (49%). Common pre-transplant diagnoses include cystic fibrosis (CF) in 29 patients 

(49%), bronchiolitis obliterans in 7 (12%), pulmonary hypertension in 6 (10%), interstitial 

lung disease in 4 (7%) and surfactant deficiency in 3 (5%). Demographics are reported in 

Table 1.

Pre-transplant Colonization

Of the 59 patients in the cohort, six donor organs had positive pre-transplant cultures. 

Donors were colonized by Aspergillus (1), Candida (3) and unspecified yeast (2).

Twenty positive cultures were identified in 15 recipients prior to transplantation. Recipients 

were colonized by Aspergillus (10), Candida (7), unspecified mold (2) and unspecified yeast 

(1) (Table 2). Three patients were colonized with both Aspergillus and Candida, and one 

patient was colonized by three organisms pre-transplant: Candida albicans, Candida 
parapsilosis, and Aspergillus fumigatus. Additionally, two of the above patients had positive 

cultures from both the donor and recipient. C. albicans was recovered from donor and 

recipient in one subject, while another subject had Aspergillus in the donor and yeast in the 

recipient. A primary diagnosis of CF was significantly associated with pre-transplant 

colonization (p < 0.01; OR 11.38, 95% CI 2.27 to 56.93); however, CF was not specifically 

associated with pre-transplant colonization with Aspergillus species.

Post-transplant Colonization

Twenty-five patients (42%) had 26 post-transplant colonizations with Candida (13), other 

yeasts (3), Aspergillus (4), Penicillium (5), and unspecified mold (1) (Table 2). One patient 

had two separate colonization events with C. albicans and Penicillium, respectively. Events 

occurred at a median of 67 days post-transplant (range = 0 to 750 days) and lasted a median 
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of 37 days (range = 9 to 315 days). Duration was determined through center report of 

resolution of the event. Four colonizations had no reported end date and may have persisted 

beyond the study period.

There were six individual patients presenting with a post-transplant event by the same class 

as a pre-transplant event (i.e. a pre-transplant mold and subsequent post-transplant mold). 

Three were colonized within one week of transplant, one with the same species (Candida 
lusitaniae). More than one month elapsed between transplant and colonization for the other 

three patients, with two colonized pre- and post-transplant by the same organism (A. 

fumigatus and C. albicans, respectively). However, pre-transplant colonization, either in the 

donor or recipient, was not statistically significantly associated with subsequent post-

transplant colonization by the same class of organism. CF was not significantly associated 

with post-transplant colonization.

Post-transplant Pulmonary Fungal Infections (PFI)

Ten of the 59 patients in the cohort (17%) had a total of 13 PFIs post-transplant (10 

probable, 3 proven) Proven PFIs, confirmed through histopathology, all occurred within 6 

months of transplant and were caused by C. parapsilosis (1), C. glabrata (1), and C. albicans 
(1) (Tables 2 & 3). Probable PFIs were caused by Candida glabrata (2), unspecified Candida 
(1), Aspergillus fumigatus (2), A. flavus (1), Penicillium (3) and unspecified mold (1). 

Probable PFI occurred within six and twelve months post-transplant in six and seven 

patients, respectively. The remaining three probable PFIs occurred more than 12 months 

post-transplant. No mortality was attributed to proven or probable PFI in this cohort.

Older age at transplant was significantly associated with PFI (p < 0.01; OR 1.34, CI 1.09 to 

1.87). As age appeared to be confounded by underlying diagnosis, CF and non-CF patients 

were assessed separately. Age at transplant was found to be significant for CF patients (p = 

0.01; OR 1.61, CI 0.97 to 2.69), but not significant for non-CF patients (p = 0.09; OR 1.21, 

CI 0.92 to 1.59). Pre-transplant colonization with any fungal organism was significantly 

associated with post-transplant PFI, however no correlation was evident between pre-

transplant colonization and PFI when accounting for fungal organism; association between 

pre-transplant colonization and subsequent PFI with the same organism was not statistically 

significant (p = 0.70; OR 1.32, 0.29 to 5.93). After transplant, post-transplant colonization 

preceded PFI with the same species in four cases suggesting the potential for progression 

from colonization to PFI, with colonization preceding onset of PFI by a median of 75 days 

(range = 16 to 172 days). However, post-transplant colonization was not statistically 

associated with a subsequent PFI with the same organism (p = 1.00; OR 1.13, CI 0.28 to 

4.50). Twelve patients had events of acute cellular rejection, but rejection preceded PFI in 

only three cases. Acute cellular rejection was not associated with subsequent PFI (p = 0.80; 

hazard ratio 1.19).

Prophylaxis

For prophylaxis analyses, one additional patient with an early PFI (< 7 days) was excluded. 

Of the remaining 58 patients, 39 patients (67%) received initial prophylaxis. Patients often 

received multiple medications throughout the course of their prophylaxis. Eight patients 
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received prophylaxis for less than 30 days, while the remaining 31 patients (53% of the 58 

patients) received prophylaxis in continuity for 30 or more days. Excluding 11 patients 

without specific medication end dates, prophylaxis courses in the remaining 28 patients had 

a median duration of 82.5 days (range = 5 to 741 days).

For the 31 patients who received extended prophylaxis (≥ 30 days), the most common 

regimen was voriconazole monotherapy, given to 13 patients. Eleven additional patients 

received voriconazole in combination with another prophylactic agent including inhaled 

amphotericin and echinocandins (Figure 1). Additionally, five patients received 

echinocandins as their primary prophylactic agent, one in combination with fluconazole. 

Two received itraconazole with amphotericin. Eighteen patients (58%) who received 

extended prophylaxis did not have any post-transplant fungal event (colonization or PFI).

Of the 15 patients with pre-transplant colonization, 10 received extended prophylaxis post-

transplant. Of the 25 patients who had post-transplant colonization, 12 received extended 

prophylaxis. In addition, 6 of the 9 patients with PFI occurring more than one week post-

transplant had received extended prophylaxis. Extended antifungal prophylaxis was not 

associated with a decrease in post-transplant colonization (p = 0.60; OR 0.68, CI 0.24 to 

1.92) or PFI (p = 0.48; OR 0.52, CI 0.24 to 2.33) when compared to those who did not 

receive extended antifungal prophylaxis.

Pre-emptive Therapy

Pre-emptive therapy was commonly administered to patients following colonization. Of the 

25 patients colonized, 15 received pre-emptive treatment (60%), with new medication 

initiated within one week of colonization event onset. Six patients who were already taking 

an anti-fungal medication at the time of colonization had a new antifungal initiated. Initial 

pre-emptive therapy was most often echinocandin monotherapy (47%) or an enchinocandin 

in combination with inhaled amphotericin (7%). Patients also received fluconazole (20%), 

voriconazole monotherapy (13%) or voriconazole in combination with amphotericin (7% 

inhaled, 7% inhaled and intravenous). Two of the four patients with colonization that 

progressed to PFI received pre-emptive therapy. However, the association between pre-

emptive therapy and subsequent PFI was not statistically significant (p = 1.00; OR 0.62, CI 

0.07 to 5.28).

Discussion

Pulmonary fungal infections pose a significant risk to lung transplant recipients.2,6,9,14 PFI 

has an incidence of up to 16% with mortality in up to 55% of adult populations.3,5,14 

Colonization occurs in up to 60% of pediatric patients with an incidence of PFI around 

20%.6,7 In this prospective cohort, we found a slightly lower rate of colonization (42%) with 

a similar rate of PFI (17%). Interestingly, no mortality was attributed to PFI in this cohort. 

Several reasons for the absence of attributable mortality can be hypothesized. Introduction of 

newer anti-fungal agents, increased clinical attention to PFI in the current era and enrollment 

in a prospective observational clinical trial could have impacted the treatment strategies and 

timing of interventions, affecting death from PFI. Furthermore, only 25% of PFIs were 
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caused by Aspergillus, suggesting Candida and Penicillium PFIs may have lower mortality 

rates.

As shown in prior pediatric studies, older age was associated with pre-transplant 

colonization and PFI. In this cohort, acute rejection was not associated with PFI, which 

contrasts data from prior retrospective studies.6,7 Differences between the prior retrospective 

studies and the current prospective cohort include era of transplant, immunosuppression 

utilized and incidence of acute rejection, which was small in the current cohort. Colonization 

pre-transplant was associated with a primary diagnosis of CF, however neither CF nor pre-

transplant colonization predicted post-transplant colonization with specific organisms. 

Further investigation of the interaction between CF and fungal events is necessary and could 

potentially include evaluation of prolonged antibiotic exposure and environmental exposure.

Post-transplant colonization was not associated with subsequent PFI. In adult lung transplant 

populations, colonization is a significant risk factor for PFI by Aspergillus species; however 

risk factors for progression were not well defined through retrospective studies.2,8,15 

Previous studies have often limited analysis to PFI caused by molds, highlighting a 

difference from the current cohort that reports proven PFI with Candida species. This 

suggests differences between pediatric and adult lung transplant recipients may exist. 

Although pre-transplant colonization was significantly associated with PFI, these events 

were not the same organism or even class of organism (yeast verses mold) limiting 

prediction of future events and intervention strategies. Proximity of pre-transplant 

colonization diagnosis to transplantation was not considered in this pediatric cohort. 

Additionally, unrecognized colonization of implanted lungs with inconsistent procurement 

of cultures from the explanted lungs could impact interpretation of the data. In both adult 

literature and this study, PFI most commonly occurred within the first six months post-

transplant. While adult populations show a primary diagnosis of CF and early post-

transplant colonization as significant risk factors for subsequent PFI, this was not the case in 

this cohort.9

Multicenter, descriptive studies report wide variability in prevention strategies, but 

voriconazole monotherapy was the most common regimen similar to prophylaxis in this 

pediatric cohort.16,17 Extended prophylaxis (≥ 30 days) was not associated with prevention 

of colonization or PFI. However, with the variable prophylactic strategies including at least 9 

different regimens, conclusions should not be drawn at this time. Pre-emptive therapy 

initiated within one week of a new positive fungal culture occurred frequently (60% of 

colonization events). Nonetheless, pre-emptive therapy was not associated with prevention 

of subsequent PFI. Again, in a size-limited cohort in which six different pre-emptive 

strategies were employed, uncertainty exists. Findings in a single-center retrospective study 

in adults contrast this finding, with use of a single culture-directed pre-emptive therapy 

regimen significantly improving outcome one year post-transplant. This study reported 

similar frequency of pre-emptive therapy use, which was primarily voriconazole 

monotherapy, although deviation from the regimen was common.8 Prospective studies with 

consistent prophylactic and pre-emptive treatment strategies would be needed to address this 

issue.
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Pediatric lung transplantation is a rare event. Although this prospective observational study 

captured a substantial number (~40%) of the first-time pediatric lung transplants performed 

in the United States during the study period, the sample size remains limited. With only 13 

cases of PFI, multivariate analysis would have not been robust. Missing data may have led to 

an underestimation of PFI incidence. However, careful monitoring and data audits should 

have limited underestimation of colonization and PFI. Additionally, unscheduled study visits 

were included in the data, meaning events were documented that may have otherwise been 

unreported in a retrospective cohort. Pre-transplant colonization of the recipient may have 

been overestimated, because any positive fungal culture prior to transplant was included. 

This was assumed because a fungal colonization could continue to exist indefinitely, 

especially with a primary diagnosis of CF and issues of airway clearance. However, pre-

transplant colonization could have been underestimated as not every patient had pre-

transplant cultures performed. Obtaining fungal cultures from the explanted lung in every 

case may have better estimated pre-transplant colonization.

In lung transplant patients, PFI occurs commonly post-transplant, but in this cohort was not 

associated with mortality. Older age (≥ 15 years) at transplant especially in patients with a 

diagnosis of CF was found to be significantly associated with developing PFI. While post-

transplant colonization is common, it was not associated with subsequent PFI. Prophylaxis 

and pre-emptive therapy are common, but the choice of both prophylaxis and pre-emptive 

therapy varied considerably in agent and duration. Prophylaxis was not associated with a 

decrease in PFI or colonization in this population. In future research, more uniform anti-

fungal prophylaxis practices could allow for comparisons of prevention strategies, and a 

larger cohort could allow for multivariate analysis of PFI risk factors, as well as confirm the 

low rate of mortality observed in this study.
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Figure 1. 
Fungal prophylaxis of Pediatric Lung Transplantation
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Table 2

Culture results Pre- and Post-transplant

Species

Pre-Transplant
Post-transplant

colonization
(n=26)

Post-transplant
PFI

(n=13)Donor
(n=6)

Recipient
(n=20)

Mold (n=27)

Aspergillus (n=18)

  A. flavus 0 1 0 1

  A. fumigatus 0 7 3 2

  A. Unspecified 1 2 1 0

Penicillium (n=8) 0 0 5 3

Scedosporium/p. boydii (n=1) 0 0 1 0

Unspecified Mold (n=3) 0 2 0 1

Yeast (n=34)

Candida (n=28)

  C. albicans 2 5 4 1

  C. glabrata 0 0 2 3

  C. krusei 0 0 2 0

  C. lusitaniae 0 1 1 0

  C. parapsilosis 0 1 1 1

  C. tropicalis 1 0 0 0

  Candida Unspecified 0 0 3 1

Yeast Unspecified (n=6) 2 1 3 0
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