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Abstract
Aspergillus colonization after lung transplantation may increase the risk for bronchiolitis
obliterans syndrome (BOS), a disease of small airways. We hypothesized that colonization with
small conidia Aspergillus species would be associated with a greater risk of BOS, based upon an
increased likelihood of deposition in small airways. We studied adult primary lung recipients from
two large centers; 298 recipients at University of California, Los Angeles and 482 recipients at
Duke University Medical Center. We grouped Aspergillus species by conidia diameter ≤3.5μm.
We assessed the relationship of colonization with outcomes in Cox models. Pre-BOS colonization
with small conidia Aspergillus species, but not large, was a risk factor for BOS (P = 0.002, HR
1.44, 95% CI 1.14–1.82), along with acute rejection, single lung, and Pseudomonas. Colonization
with small conidia species also associated with risk of death (P = 0.03, HR 1.30, 95% CI 1.03–
1.64). Although other virulence traits besides conidia size may be important, we have
demonstrated in two large independent cohorts that colonization with small conidia Aspergillus
species increases the risk of BOS and death. Prospective evaluation of strategies to prevent
Aspergillus colonization of small airways is warranted, with the goal of preserving lung allograft
function as long as possible.
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Long-term survival after lung transplantation is largely dependent on the avoidance of
bronchiolitis obliterans syndrome (BOS), the predominant cause of chronic lung allograft
dysfunction (1, 2). BOS correlates histologically with obliterative bronchiolitis (OB), which
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describes fibrosis and luminal occlusion of membranous and respiratory bronchioles (i.e.
small airways) (3, 4). Clinically, BOS manifests as progressive and irreversible airflow
obstruction (5, 6). Within 5 years of transplant, nearly half of all lung transplant recipients
develop BOS (7). Once BOS ensues, quality of life is diminished and the median survival is
approximately 2.5 years (8). While acute rejection (AR) is considered the principal risk
factor, there is growing evidence that pulmonary infections, especially with cytomegalovirus
(CMV), Pseudomonas, and community acquired respiratory viruses (CARV), increase the
risk for developing BOS (9–13). Recently, pulmonary colonization with Aspergillus species
has also been implicated as a potential risk factor for the development of BOS (14).

In the environment outside of a host, Aspergillus produces conidia (asexual spores) that can
be easily dispersed in the air. Inhalation of aerosolized conidia is usually the initial route of
entry for Aspergillus infection. The size of conidia varies from species to species, and this
trait is believed to affect the likelihood of inhaled conidia depositing in the proximal airways
versus the lung periphery (small airways and alveoli) (15). Indeed, particle size is known to
affect the site of airways deposition with particles in the 1–3 μm range being best suited to
reach and be deposited in the lung periphery while larger particles are increasingly likely to
be deposited in the more proximal airways (16–19). Given that the pathologic lesion
responsible for BOS occurs in the small airway, we hypothesized that small conidia
Aspergillus species would be associated with a greater risk for BOS based upon a greater
likelihood that the small conidia would be deposited in and colonize the small airways.

We sought to determine and validate the significance of colonization with small and large
conidia Aspergillus species after lung transplantation. While previous studies have reported
relationships between respiratory infections and BOS, all have been single center studies
often with relatively small numbers of patients included. Here we report findings from two
large independent cohorts of lung transplant recipients, validating a relationship between
small conidia Aspergillus species colonization and BOS. The institutional review boards at
both the University of California Los Angeles (UCLA) and Duke University Medical Center
(DUMC) approved this study. Some of the results have previously been reported in the form
of an abstract (20).

METHODS
Recipient Cohorts

UCLA—We reviewed all adult lung transplant recipients transplanted at UCLA between
1/1/2000 and 6/30/2009. For inclusion in this study, lung recipients had to have at least 1
posttransplant bronchoscopy and 6 posttransplant pulmonary function test (PFT)
measurements. Retransplant and multiorgan recipients were excluded. During this period,
368 adult lung transplant operations were performed at UCLA and 298 recipients were
included in the final cohort. Reasons for exclusion are shown in Figure 1. Outcomes were
collected through December 31, 2010, providing a minimum follow up of 1.5 years.

DUMC—Identical inclusion and exclusion criteria were applied to all adult lung recipients
transplanted at DUMC between 1/1/1998 and 10/1/2008. During this period, 608 adult lung
transplant operations were performed and 482 recipients were included in the final cohort
(Figure 1). Outcomes were collected through October 1, 2010, providing a minimum follow
up of two years.

Clinical Management
The management of recipients at both centers have been described elsewhere and are briefly
summarized below (14), (21).
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At UCLA, induction immune suppression included rabbit Anti-Thymocyte-Globulin (ATG)
or a CD25 antagonist (≥65 years old, prior malignancy, or chronic infection). Thereafter,
patients were maintained on triple immunosuppression with tacrolimus, mycophenolate, and
corticosteroids. Surveillance bronchoscopies and transbronchial biopsies (TBBXs) were
performed at 1, 3, 6, and 12 months, and as clinically indicated. PFTs were performed at
each clinic visit, usually every 1–2 weeks during the first 3 months after transplantation and
at least quarterly thereafter. Antifungal prophylaxis included nebulized amphotericin B 15
mg BID (prior to 10/03) or nebulized amphotericin B lipid complex 50 mg/day for 3 days
and then weekly (10/03 to present) plus IV caspofungin 50 mg/day (9/02 to present) for the
duration of the post-operative hospitalization. Patients who were colonized prior to
transplant received azole antifungal therapy (itraconazole, voriconazole, posaconazole).
Posttransplant positive fungal cultures were treated similarly with azole antifungal therapy.

At DUMC, induction and maintenance immunosuppression consisted of ATG (prior to
January 1999) or a CD25 antagonist (after 1999), followed by triple immunosuppression
with cyclosporine (prior to 2002) or tacrolimus (after 2002), azathioprine, and
corticosteroids, respectively. Bronchoscopies and TBBXs were performed at standardized
intervals: 1, 3, 6, 9, and 12 months, and annually thereafter or as clinically indicated. PFTs
were administered weekly in the first six weeks of transplant and quarterly thereafter,
concomitant with clinic visits. Antifungal prophylaxis included nebulized amphotericin B 15
mg BID (prior to 1/01) or nebulized amphotericin B lipid complex 50 mg administered daily
for 4 days then weekly for the duration of the post-operative hospital course. Patients who
were colonized prior to transplant received azole antifungal therapy. Posttransplant positive
fungal cultures were treated similarly with azole antifungal therapy.

Both institutions treat acute rejection episodes with pulse dose methylprednisolone (1 gram/
day) for 3 days followed by increased oral prednisone (0.5–1 mg/kg/day) tapered over 6–8
weeks.

Definitions of Aspergillus Colonization
Aspergillus colonization was defined by a single positive posttransplant respiratory culture
(bronchoalveolar lavage, sputum, or endotracheal tube suction), consistent with published
consensus definition for fungal infections (22). Aspergillus species were grouped as either
small or large conidia species according to published conidia diameter (23). Species with an
average conidia diameter ≤3.5 μm were specified as small conidia species (A. fumigatus
[2.5–3 μm], A nidulans [3–3.5 μm], A. terreus [1.8–2.4 μm], and A. flavipes [2–3 μm]) and
those with an average conidia diameter >3.5 μm were grouped as large conidia species (A.
niger [4–5 μm], A. flavus [3.5–4.5 μm], A. ustus [3.2–4.5 μm], and A. clavatus [3–4.5
μm]).

Definitions of CMV Pneumonitis, Pseudomonas, CARV, AR and BOS
CMV pneumonitis was defined by the presence of one or more positive CMV infected cells
on immunoperoxidase staining. Every TBBX was prospectively assessed for invasive CMV
pneumonitis. Pseudomonas infection was defined by a single positive posttransplant
respiratory culture for Pseudomonas aeruginosa. CARV infection (RSV, parainfluenza (1, 2,
and 3), influenza (A and B), or adenovirus) was diagnosed using direct fluorescent antigen
testing, shell vial, and standard cell culture methods. Polymerase chain reaction (PCR)
assays for respiratory viruses were not in use in either center during the period of this study.

An experienced lung transplant pathologist from each center prospectively evaluated and
graded each TBBX for AR (A grades 0–4) according to International Society for Heart and
Lung Transplantation (ISHLT) guidelines (3, 4). BOS was defined in accordance with
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ISHLT diagnostic criteria (24). BOS grade ≥1 assignment was limited to patients with at
least 6 PFTs to ensure that a sufficient number of FEV1 measurements were used to estimate
the posttransplant baseline and to observe a sustained decline. BOS free days were defined
as time from transplant to the onset of BOS or, in the case of BOS free patients, time from
transplant to the last PFT date on record.

Statistical Analysis
Recipient characteristics were described as median and interquartile range when appropriate
and analyzed using nonparametric Wilcoxon tests. Categorical variables were analyzed
using chi-square tests. Kaplan-Meier methods were used to describe estimates of the
incidence of events over time.

Standard Cox proportional hazards models were used to identify risk factors for pre-BOS
colonization with small or large conidia Aspergillus species. Colonization with small or
large conidia Aspergillus species were considered in separate models. Aspergillus events
occurring after BOS were ignored and Aspergillus free days were censored at the time of
BOS onset or at the last follow-up on record (for BOS free patients). Baseline characteristics
were tested in univariable models, and potential predictors (P ≤ 0.10) were then included in
multivariable models. These analyses used joined data from both centers and the
multivariable models were adjusted for center.

Cox models were also used to assess the relationship between Aspergillus colonization and
other clinical variables with BOS and mortality. In these models, colonization with either
small or large conidia Aspergillus species were modeled as two separate time-dependent
variables, modeling the change in status once a colonization event occurred. CMV
pneumonitis, Pseudomonas, and CARV were also modeled as time-dependent variables in
this manner. BOS was modeled as a time-dependent variable in the Cox models of mortality.
AR was modeled as the AR ratio to account for severity and sampling variation in patients
over time as previously described (9). Briefly, the AR ratio was determined by summing all
A grades occurring prior to the outcome of interest (BOS or death) or the last follow-up date
in cases where the outcome had not occurred. This sum was then divided by the number of
evaluable TBBXs, summed up to the outcome of interest or last follow-up. Analyses were
performed stratified by center and in the joined cohort. Colonization variables for small and
large conidia species, plus all potential predictors (P ≤ 0.10) from any univariable analysis
was then included in the multivariable models.

Statistical significance was defined as a two-tailed P value less than or equal to 0.05.
Proportional hazard assumptions were assessed and satisfied for all Cox proportional
hazards models. All analyses were conducted with SAS statistical software version 9.1.3
(Cary, NC).

RESULTS
Study Patient Characteristics

The demographic and clinical characteristics of the recipient cohorts are shown in Table 1.
The UCLA and DUMC cohorts differed in many regards. UCLA transplanted a greater
proportion of older patients and those with restrictive lung disease, while obstructive lung
disease and cystic fibrosis/bronchiectasis were more common indications for transplant at
DUMC. UCLA performed single lung transplant more frequently than DUMC. UCLA used
ATG for induction in patients under age 65 and basiliximab in patients 65 and older. In
contrast, DUMC discontinued the use of ATG as an induction agent in 1999 and has since
used basiliximab in all patients. Pre-BOS CMV pneumonitis occurred less frequently at
UCLA than DUMC, while Pseudomonas and CARV infections occurred with similar
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frequency at each center. AR was more frequently diagnosed at DUMC. However, among
those with at least one episode of AR, the burden of AR, represented by the AR ratio, was
higher in the UCLA cohort. Kaplan Meier one, three, and five year BOS estimates for
UCLA and DUMC were 8%, 41%, and 58%, and 6%, 23%, and 45%, respectively. Kaplan
Meier one, three, and five year survival estimates for UCLA and DUMC were 95%, 72%,
and 54%, and 97%, 83%, and 63%, respectively. Patients were followed a median of 3.3
years (IQR = 2.0 – 4.9) at UCLA and 4.3 years (IQR = 2.7 – 6.5) at DUMC.

Incidence and Predictors of Aspergillus Colonization
In both centers, prior to and after the diagnosis of BOS, Aspergillus fumigatus was the most
common small conidia species and Aspergillus niger was the most common large conidia
species (Table 2). The incidence over time of pre-BOS colonization with small conidia
Aspergillus species was similar at each center (P = 0.49) (Figure 2). Kaplan-Meier estimates
of pre-BOS colonization with small conidia Aspergillus species at 1-year were 22% and
19% at UCLA and DUMC, respectively. There was a lower incidence over time of pre-BOS
colonization with large conidia Aspergillus species at UCLA compared with DUMC (P =
0.0007) (Figure 2). One-year Kaplan-Meier estimates of colonization with large conidia
Aspergillus species were 10% and 17% at UCLA and DUMC, respectively. Among those
colonized at UCLA, the median time to pre-BOS colonization with small species was 113
days (IQR 74–218) and with large species was 118 days (IQR 72–297). Among those
colonized at DUMC, the median time to pre-BOS colonization with small species was 185
days (IQR 101–426) and with large species was 125 days (IQR 23–424).

We explored potential risk factors for pre-BOS Aspergillus colonization with small and
large conidia species in the joined cohort (UCLA and DUMC combined). Among all
baseline characteristics, only advanced age (≥65 years) at the time of transplantation was a
significant risk factor for colonization with small conidia Aspergillus species in the
univariable joined cohort analysis (P = 0.004, HR 1.64, 95% CI 1.17–2.25) (Table 3). There
was also a nonsignificant trend seen with prophylaxis era: there was a trend for increased
risk of colonization with small conidia species after the protocol shift to nebulized
Amphotericin B lipid complex (P = 0.10, HR 1.34, 95% CI 0.95–1.96). Advanced age
remained a significant predictor of pre-BOS colonization with small conidia Aspergillus
species in the multivariable model including adjustment for center (P = 0.01, HR 1.58, 95%
CI 1.12–2.19). Bilateral lung transplant exclusively was associated with an increased risk for
colonization with large conidia Aspergillus species in univariate joined cohort analysis (P =
0.001, HR 2.16, 95% CI 1.36–3.65) (Table 3). After adjustment for center, bilateral lung
transplant remained a significant risk factor for colonization with large conidia Aspergillus
species (P = 0.02; adjusted HR 1.79, 95% CI 1.10–3.08).

Colonization with Small Conidia Aspergillus Species is Associated with BOS
In univariable Cox models for BOS, colonization with small conidia Aspergillus species was
significantly associated with an increased risk of BOS in each center, and in the joined
cohort (P < 0.001, unadjusted HR 1.53, 95% CI 1.22–1.93) (Table 4). Colonization with
large conidia Aspergillus species exhibited no relationship with BOS in either center or the
joined cohort. Other potential risk factors for BOS (P ≤ 0.10) in at least one center or the
joined cohort included age ≥65 years, single lung transplant, AR ratio, CMV pneumonitis,
Pseudomonas infection, and CF/bronchiectasis (negative association). Each of these
variables was included in the final multivariable models.

In the multivariable models, colonization with small conidia Aspergillus species remained a
significant risk factor for BOS at UCLA, DUMC, and in the joined cohort (P = 0.002,
adjusted HR 1.44, 95% CI 1.14–1.82) (Table 4). Conversely, colonization with a large
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conidia Aspergillus species was not associated with BOS in either center or the joined
cohort. In addition, the AR ratio and single lung transplant were associated with the risk of
BOS in each center and the joined cohort, and Pseudomonas was a risk factor for BOS at
UCLA and the joined cohort, but not at DUMC. We explored for interactions between
variables, but these terms were not significant and not included in the final model.

Colonization with Small Conidia Aspergillus Species is Associated with Survival
In univariable analyses, colonization with small conidia Aspergillus species was
significantly associated with an increased risk of death in each center, and in the joined
cohort (P < 0.001, unadjusted HR 1.81, 95% CI 1.45–2.27) (Table 5). Colonization with
large conidia Aspergillus species was not associated with mortality in either center. Other
potential risk factors for death (P ≤ 0.10) in at least one center or the joined cohort included
age ≥65 years, CF/bronchiectasis (negative association), single lung transplant, AR ratio,
BOS, CMV pneumonitis, Pseudomonas infection, and CARV infection. Each of these
variables was included in the final multivariable models.

In the multivariable models, colonization with small conidia Aspergillus species remained a
significant risk factor for mortality in the joined cohort (P = 0.03, HR 1.30, 95% CI 1.03–
1.64) (Table 5). Colonization with large conidia Aspergillus species was not associated with
death in either center. In addition, BOS and Pseudomonas infection were associated with
mortality in each center and the joined cohort. CMV pneumonitis was a risk factor for death
at DUMC and in the joined cohort, while CARV infection was a risk factor for death at
UCLA and in the joined cohort.

DISCUSSION
Aspergillus is one of the most common pathogens isolated from respiratory secretions of
lung transplant patients. Historically, Aspergillus colonization without signs of tissue
invasion was thought to be less consequential, with the main concern being an increased risk
of subsequent invasive disease. However, in a previous single center study at UCLA, we
reported that Aspergillus colonization, like other common respiratory infections after lung
transplantation, is associated with an increased risk for BOS (14). BOS is the most important
survival limiting condition following lung transplantation. In our previous study, all species
of Aspergillus were considered in aggregate. However, each Aspergillus species has unique
traits and virulence factors, and the various Aspergillus species may behave differently in
terms of their relationship with BOS.

In the current study, using two large cohorts, we focused on conidia diameter, a trait that
differs across Aspergillus species and may determine the probability that colonization occurs
in small airways. We demonstrate that colonization with both small and large conidia
Aspergillus species is common among lung transplant recipients from two transplant centers
on opposite coasts of the United States. While the incidence of colonization with small
conidia Aspergillus species was similar between centers, we do find a higher incidence of
colonization with large conidia species at DUMC compared to UCLA. In part, this may be
explained by geographic heterogeneity of A. niger and other large conidia species (21). In
contrast, A. fumigatus, the dominant small conidia species, has no geographic predilection
(21).

Similar to our previous work, our statistical methods recognize and account for the time-
dependent nature of Aspergillus colonization as a risk factor for BOS. We considered
colonization occurring at any time point post-transplantation and before a diagnosis of BOS
as a time-dependent variable in both unadjusted and adjusted models. Likewise, we also
explored Aspergillus colonization at any time post-transplantation as a time-dependent
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variable in models of survival. We also recognize that death is a competing risk for both
Aspergillus colonization and BOS, with potential important implications on the results. For
this reason, competing risk analyses were also performed using cause specific Cox
regression models for both the colonization and BOS outcomes. These models yielded
virtually identical results (data not shown) as the standard Cox models. Collectively, these
approaches provide compelling evidence that Aspergillus colonization with small conidia
species, but not large conidia species, increases the risk of BOS and mortality after lung
transplantation.

Although not the primary aim of this study, we also evaluated for other potential risk factors
of BOS and mortality. Consistent with the existing literature, we did find that AR (modeled
as the AR ratio) was strongly associated with the risk of BOS, and that BOS has a major
impact on the risk of death following lung transplantation. We also found that single lung
transplant was a consistent risk factor for BOS, even after adjustment for other variables.
We speculate that a lower baseline FEV1 in single lung recipients may be a confounder in
this association, as has been described (25). In univariable analyses, CMV pneumonitis was
a risk factor for BOS and death at DUMC, consistent with prior work (9). The relationship
with BOS was not present after multivariable adjustment, but the relationship with mortality
persisted. CMV pneumonitis at UCLA occurred too infrequently to show an association with
outcomes. Pseudomonas infection was a strong risk factor for BOS at UCLA, but not at
DUMC. The explanations for this disparate finding are not apparent, but differences in
patient populations may play a role. In one report, only de novo Pseudomonas infection post
transplant was associated with BOS, while those positive for Pseudomonas pretransplant had
no increased risk (10). We did not collect pretransplant infection data in this study.
Pseudomonas was a risk factor for death in each center. CARV infection was not
significantly associated with BOS in either center, contradicting prior reports (11, 13).
However, in our study we did not determine whether CARV infections were associated with
lower respiratory tract symptoms, which is reported to be important in determining the risk
of BOS (11). CARV diagnostics were also only limited to antigen detection and culture.
Given the much higher sensitivity of PCR diagnostics, it is conceivable that a number of
viral infections were merely not diagnosed. CARV infection was a risk factor for death at
each center in univariable analyses, and CARV remained a predictor of mortality at UCLA
and in the joined cohort after multivariable adjustment.

As compared with prior reports, a unique strength of this study is that our findings are
validated across two large cohorts spanning approximately 10 years. Given the paucity of
prospective, multi-center studies in the field, the need to replicate and validate retrospective,
single-center findings is critical. Moreover, our findings were validated in two centers that
differ in numerous clinical practice and patient selection aspects, suggesting that our
findings may be generalizable to other centers. For example, significant differences between
cohorts included the proportion of single vs. bilateral lung transplant operations, incidence
of CMV pneumonitis, and the burden of AR, all considered putative risk factors for BOS.
Some differences were also related to the risk of colonization with either large or small
conidia species. Specifically, bilateral lung transplantation was associated with an increased
risk of colonization with large conidia Aspergillus, possibly due to the presence of two large
airway anastomoses. Older age (≥65 years) at the time of transplantation was associated
with an increased risk of colonization with small conidia Aspergillus species, a characteristic
that was more common at UCLA.

There are two plausible, albeit disparate, explanations for a relationship between Aspergillus
colonization and BOS. The first is that Aspergillus colonization is an epiphenomenon of the
pathogenesis of OB. In this scenario, airways pathology and/or treatments (eg. augmented
immune suppression) directed at this pathology create an environment favorable for
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Aspergillus colonization. The second, alternate explanation is that Aspergillus colonization
can promote OB pathogenesis. We recognize that our study design cannot definitively
answer the question as to which explanation is correct. However, if a causative relationship
does exist, then the anatomic site of Aspergillus colonization must include the small
airways. An inhaled particle's diameter is known to influence the site of deposition within
the airways (16–19). This property has been exploited by the pharmaceutical industry
seeking to maximize delivery of inhaled drugs to an affected area of the lung (i.e. the small
airways in asthma) (18). Particles with a diameter in the 2–3μm range are ideal for delivery
and deposition in the small airways (19). Importantly, we find that only colonization with
those Aspergillus species' most suited to reach and colonize the small airways is associated
with an increased risk of BOS. We acknowledge that conidia size is only one of many traits
that differ between Aspergillus species including adhesion to respiratory epithelium,
resistance to phagocytosis, germination rates, thermotolerance, cell wall composition and
structure, and elaboration of enzymes (26). Notably, our small conidia Aspergillus group
was dominated by a single species, A. fumigatus. Findings when A. fumigatus was
considered alone (data not shown) were similar to those of the group of small conidia
species that included A. fumigatus. The sample size of non-fumigatus small conidia species
was too small to examine separately. Therefore, it is possible that a trait unique to A.
fumigatus, other than conidia size, may be responsible for the association with BOS.

Despite the strengths of our study, several other potential limitations exist. First, as with any
retrospective study, potential sampling biases exist. In this study, patients diagnosed with
BOS had one more bronchoscopy on average at UCLA (5.0 ± 2.0 vs. 4.0 ± 1.7) and 2 fewer
bronchoscopies on average at DUMC (8.7 ± 4.9 vs. 10.6 ± 5.0). However, we would expect
that a sampling bias would affect small and large conidia species of Aspergillus equally, and
therefore this bias could not explain the differences in risk of BOS. It might be useful to
assess the impact of other non-Aspergillus molds on BOS based upon spore size, but
isolation of these molds were too infrequent at each center to assess in this study.
Furthermore, our analysis could not consider all reported risk factors for BOS. For example,
primary graft dysfunction (PGD) is a reported risk factor for BOS, but PGD grades were not
collected in this study. Finally, in this study we did not differentiate between Aspergillus
colonization and invasive disease. In our prior study, all diagnoses of invasive Aspergillosis
were preceded by Aspergillus colonization or occurred after a diagnosis of BOS. Therefore,
the impact of invasive disease on our findings is probably negligible.

Given the known consequences of invasive Aspergillosis, many lung transplant centers,
including both in this study, have used short-term antifungal prophylaxis strategies to limit
the risk of invasive disease. After the bronchial anastomoses have healed the risk of invasive
disease declines, but colonization remains common. We have demonstrated that colonization
of the lung allograft with small conidia Aspergillus species, but not large conidia species, is
associated with an increased risk of BOS. This finding suggests a possible mechanism,
where colonization of the allograft small airways is required for Aspergillus to impact the
development of BOS. Importantly, compared with our initial single center observation of an
association between Aspergillus and BOS, this study included as validation, a second large
lung transplant center with a different patient population and different clinical protocols.
These findings now warrant prospective evaluation of prophylaxis strategies targeting
Aspergillus colonization of the small allograft airways as well as invasive disease, with the
goal of preserving lung allograft function as long as possible.
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BOS bronchiolitis obliterans syndrome

OB obliterative bronchiolitis

AR acute rejection

CMV cytomegalovirus

CARV community acquired respiratory virus

UCLA University of California, Los Angeles

DUMC Duke University Medical Center

PFT pulmonary function test

ATG anti-thymocyteglobulin

TBBX transbronchial biopsy

PGD primary graft dysfunction.
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Figure 1.
Derivation of the study cohorts and reasons for exclusion. PFT = pulmonary function
testing.

Weigt et al. Page 11

Am J Transplant. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Kaplan-Meier estimates of cumulative incidence of Aspergillus colonization with small and
large conidia species by center. (A) The incidence of colonization with small conidia
Aspergillus species over time was similar at both UCLA and DUMC (P = 0.49). (B) The
incidence of colonization with large conidia Aspergillus species over time was greater at
DUMC as compared to UCLA (P = 0.007).
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TABLE 1

CLINICAL CHARACTERISTICS OF THE STUDY COHORTS

UCLA Cohort (n = 298) DUMC Cohort (n = 482) P value

Female Gender 41% (123) 43% (209) 0.57

Age at transplant, IQR 60 (55–65) 56 (42–62) <0.001

Age ≥ 65 years 27% (81) 12% (60) <0.001

Race

 Caucasian 78% (232) 89% (429) <0.001

 African American 6% (18) 9% (45) 0.10

 Hispanic American 10% (29) 1% (4) <0.001

 Other 6% (19) 1% (4) <0.001

Native Disease

 Restrictive 56% (166) 33% (159) <0.001

 Obstructive 35% (105) 45% (219) 0.005

 Cystic/bronchiectasis 6% (17) 18% (89) <0.001

 Vascular 3% (10) 4% (15) 0.85

Bilateral Transplant 59% (175) 90% (434) <0.001

Induction Agent

 Antithymocyte globulin 58% (174) 6% (29) <0.001

 Basiliximab 42% (124) 94% (453) <0.001

CMV Mismatch (D+/R−) 22% (65) 21% (103) 0.88

Pre-BOS CMV pneumonitis 1yr, 3yr*€ 1%, 2% 25%, 29% <0.001

Pre-BOS Pseudomonas 1yr, 3yr*€ 22%, 28% 22%, 25% 0.24

Pre-BOS CARV 1yr, 3yr*€ 5%, 9% 7%, 11% 0.32

Pre-BOS AR 1yr, 3yr*€ 53%, 63% 70%, 80% <0.001

Median Pre-BOS AR Ratio, IQR*‡ 0.50 (0.33–0.74) 0.40 (0.25–0.60) <0.001

Abbreviations: IQR: interquartile range, CMV: cytomegalovirus, BOS: bronchiolitis obliterans syndrome, AR: acute rejection.

*
Event occurring prior to BOS, or for BOS-free patient, occurring at any point over follow-up.

†
Where perivascular grade ≥ A1

‡
Among patients with at least 1 Pre-BOS AR episode

€
Kaplan-Meier estimates of incidence.
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