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Fungal exposure and sensitization negatively affect outcomes in various respiratory
diseases, however, the effect of fungal sensitization in lung transplant (LTx) recipients
is still unknown. We performed a retrospective cohort study of prospectively collected data
on circulating fungal specific IgG/IgE antibodies, and their correlation with fungal isolation,
chronic lung allograft dysfunction (CLAD) and overall survival after LTx. 311 patients
transplanted between 2014 and 2019 were included. Patients with elevated Aspergillus
fumigatus or Aspergillus flavus IgG (10%) had more mold and Aspergillus species isolation
(p = 0.0068 and p = 0.0047). Aspergillus fumigatus IgG was specifically associated with
Aspergillus fumigatus isolation in the previous or consecutive year (AUC 0.60, p =
0.004 and AUC 0.63, p = 0.022, respectively). Elevated Aspergillus fumigatus or
Aspergillus flavus IgG was associated with CLAD (p = 0.0355), but not with death.
Aspergillus fumigatus, Aspergillus flavus or Aspergillus niger IgE was elevated in 19.3% of
patients, but not associated with fungal isolation, CLAD or death. Mold isolation and
Aspergillus species isolation from respiratory cultures were associated with CLAD
occurrence (p = 0.0011 and p = 0.0005, respectively), and Aspergillus species
isolation was also associated with impaired survival (p = 0.0424). Fungus-specific IgG
could be useful in long-term follow-up post-LTx, as a non-invasive marker for fungal
exposure, and thus a diagnostic tool for identifying patients at risk for fungal-related
complications and CLAD.
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GRAPHICAL ABSTRACT |

INTRODUCTION

Fungal infections are prevalent after lung transplantation (LTx),
where they are observed in 15%–35% of all patients. These
numbers are notably higher than after other solid-organ
transplantations (1). Aspergillus fumigatus is a known risk
factor for chronic lung allograft dysfunction (CLAD), the
leading cause of death beyond the first year after LTx, even
in patients that are only colonized without signs of infection
(2–5). However, respiratory samples are not always readily
available, as not all patients produce sputum. Subclinical
presence of Aspergillus fumigatus could thus remain
undetected. The role of other Aspergillus species or non-
Aspergillus molds in the pathogenesis of CLAD is currently
unclear (2, 3, 5).

Serum Aspergillus IgG (or precipitins) and Aspergillus IgE are
currently mostly used in the diagnosis of chronic pulmonary
aspergillosis and allergic bronchopulmonary aspergillosis
(ABPA) (6, 7). However, the value of fungal-specific IgG or
IgE in the absence of clinical symptoms is less clear. Fungal
sensitization is defined as an immune-mediated response to a
fungus without signs of inflammation or tissue damage, as
opposed to ABPA (8). Recent studies in other chronic
respiratory diseases like asthma, chronic obstructive lung
disease, and cystic fibrosis (CF) have suggested an adverse
effect of fungal sensitization, even without signs of infection
(8–13). Particularly in asthma, the importance of fungal
sensitization on respiratory disease control is well documented,

and it is generally accepted that exposure to allergens, like fungal
proteins, can trigger and exacerbate asthma symptoms (8–11).

Fungal sensitization can occur through a normal and an
allergic pathway. “Normal” fungal sensitization occurs through
activation of the immune system, where TH1- and TH17-cells
help to build protective immunity against fungal pathogens via
release of cytokines, which then stimulate phagocytes as well as
B-cells to produce specific IgG antibodies (delayed response). On
the other hand, patients may experience allergic fungal
sensitization, in which exposure to fungal allergens causes an
allergic reaction via a type 2 immune response, with activation of
TH2-cells in regional lymph nodes. These immune cells secrete
cytokines and stimulate B-cells to produce specific antifungal IgE-
antibodies (8). Allergic fungal sensitization thus is the result of
immune reactions in the airways, leading to hyperinflammation,
causing deterioration of respiratory symptoms. As all LTx
recipients are immunosuppressed to avoid graft rejection and
therefore have a decreased immune activity, occurrence of fungal
sensitization in transplanted patients could mean that their
immune system might not be as suppressed as one would
expect. Allergic fungal sensitization may be a sign of
attenuated immunosuppression, possibly contributing to later
onset of chronic rejection. Detection of fungus-specific IgG
antibodies on the other hand, may reflect past fungal presence
in the airways (10), and could thus potentially be used as a
measure for fungal exposure, independent of airway sampling,
identifying patients at a higher risk of (invasive) fungal infections
and CLAD.
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In this retrospective study, we therefore aimed to explore the
prevalence of fungal sensitization after LTx, and its possible
effects on occurrence of (invasive) fungal infections, CLAD
and survival.

MATERIALS AND METHODS

Study Population
Patients who underwent LTx at UZ Leuven between September
2014 and December 2019 were evaluated for inclusion. Inclusion
criteria were: 1) survival to 1 year post-LTx and 2) availability
of ≥1 blood sample for specific IgG/IgE antibodies to Aspergillus
fumigatus, Aspergillus flavus and specific IgE antibodies to
Aspergillus niger, obtained during annual check-up at 1, 2 or
3 years post-LTx. Data regarding fungal isolation from
respiratory samples, clinical phenotype of the fungus, CLAD
onset and survival were obtained from the electronic patient
files. The study was approved by the local Ethics Committee
(University Hospitals Leuven, Belgium—S63978), and all patients
provided written informed consent.

Data Collection: Blood Samples
Blood samples with IgG/IgE measurement were collected during
the pre-transplant work-up prior to listing for transplant, and at
every annual post-transplant check-up, taking place between
September 2017 and January 2021. In these samples total
protein level, specific IgG’s, total IgE, and specific IgE’s were
measured using ImmunoCAP fluoroenzyme immunoassay, with
a Phadia™ 250 instrument for IgG measurements and a Phadia™
1000 instrument for IgE measurements (ThermoFisher,
Waltham, Massachusetts, United States), as per institutional
standard operating procedures.

Specific IgG’s against Aspergillus fumigatus (Gm3) and
Aspergillus flavus (Gm228) were determined. For the specific
IgE’s, the following were assessed: Aspergillus fumigatus (m3),
Aspergillus flavus (m228) and Aspergillus niger (m207).

For specific IgG’s the lower limit of detection was 2.0 mg/L,
values >50.0 mg/L forAspergillus fumigatus andAspergillus flavus
were considered positive per assay protocol. The lower limit of
detection for the specific IgE’s was 0.10 kU/L, and every
detectable value was considered positive.

Data Collection: Airway Samples
Airway samples were collected at fixed post-transplant check-ups
on day 1, 30, 90, 180, 365, 540, and 720. They were also
additionally obtained when patients exhibited respiratory
symptoms with or without a fall in FEV1, or presented with
an abnormal chest x-ray or computed tomography during routine
post-LTx follow-up.

Respiratory specimens, acquired via sputum or
bronchoalveolar lavage, were cultured using Sabouraud
dextrose agar and CHROMagar Candida growth mediums per
institutional protocol, and considered positive if fungi were
detected, with subsequent species-identification.

Positive fungal cultures were further categorized as Aspergillus
species (Aspergillus fumigatus, Aspergillus flavus, Aspergillus

niger) or molds (exclusion of yeasts, included molds in our
cohort were: Aspergillus fumigatus, Aspergillus flavus,
Aspergillus niger, F. fomentarius, Fusarium species, P. nariotii,
Penicillium species, Polyporales species, P. lilacinum, R. argilacea,
R. microsporus, S. apiospermum, Scopulariopsis species,
Talaromyces species).

For further analysis regarding CLAD and survival, fungal
cultures in the first postoperative month were excluded, as
these were expected to be confounded by flora from the
donor lung.

CLAD Definition
CLADwas defined according to the latest ISHLT consensus paper
(14). Bronchiolitis obliterans syndrome (BOS) was defined as a
FEV1 decline of ≥20% with an obstructive PFT pattern, in
absence of persistent radiologic opacities or TLC decline.
Restrictive allograft syndrome (RAS) was defined as a
FEV1 decline of ≥20% accompanied with a restrictive PFT
pattern (TLC decline of ≥10% compared to baseline) and
persistent opacities on chest x-ray or computed
tomography (CT).

Antifungal Prophylaxis and Treatment
All patients received standard prophylaxis with nebulized
amphotericin B lipid complex for 1 month after LTx (patients
with bronchial anastomosis necrosis at 1 month after LTx
received prolonged targeted prophylaxis up to 3 months after
LTx). No systemic antifungal prophylaxis with azoles was given in
our cohort. Antifungal treatment with systemic voriconazole,
posaconazole, isavuconazole, or amphotericin B was initiated
at the treating clinician’s decision, in case of fungal disease.

Fungal Disease
Clinical phenotyping (invasive fungal disease (IFD) or non-IFD)
of fungi isolated from cultures was performed according to the
latest EORTC-MSGERC and ISHLT consensus paper (15, 16).
Patients who fulfilled ISHTL criteria for fungal pneumonia,
tracheobronchitis or anastomotic infection were deemed
probable or proven IFD according to EORTC-MSGERC
criteria (depending on histological criteria). Patients who had
clinical symptoms without radiological or endobronchial criteria,
as well as patients who fulfilled ISHLT criteria for fungal
colonization (i.e., no clinical symptoms and no radiological or
endobronchial criteria) were categorized as non-IFD fungal
isolation.

Statistics
Outcome analysis was performed on 1st June 2021 (6 months
after the last measurement of IgE/IgG). Calculations were
performed in GraphPad Prism 9.3.1. and R. Normality was
tested by the Shapiro–Wilk test; none of the continuous
variables were normally distributed. Friedman test was used to
evaluate IgG levels over time, and Spearman correlation to
evaluate the relationship between IgG pre- and post-LTx. Log-
rank test and receiver operating characteristic analysis were used
to compare mortality, occurrence of CLAD and occurrence of
fungal isolation. Univariate comparisons between groups were
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performed by Wilcoxon rank-sum test and presented as median
and interquartile range. For comparison of discrete variables,
Chi-squared test and Fisher’s exact test were used when
appropriate, and presented as absolute numbers and
percentages. A p-value <0.05 was considered significant.

RESULTS

Patient Demographics
Of the 366 consecutive patients who underwent LTx at our center
in the aforementioned time interval, a total of 311 patients were
included (Figure 1), of which Aspergillus fumigatus IgG/IgE
antibody data were available in 201 (64%), 192 (62%) and 191
(61%) patients at respectively 1, 2 or 3 years post-LTx. The
number of available samples per patient was 1 in 119 (38.3%)
patients, 2 in 107 (34.4%) patients and 3 in 85 (27.3%) patients.
Patient characteristics are listed in Table 1. IgG/IgE blood
samples are presented in Table 2.

Fungal IgG/IgE—Fungal Isolation
Elevated Aspergillus fumigatus or Aspergillus flavus IgG at 1, 2 or
3 years post-LTx was detected in 31/311 (10%) patients.
Characteristics of patients with or without elevated Aspergillus
species IgG are depicted in Table 3. Detectable Aspergillus
fumigatus IgG levels at 1, 2 or 3 years post-LTx were not
significantly different, but there was a clear reduction in
Aspergillus fumigatus IgG levels pre-vs. post-LTx (p < 0.0001).
There was a correlation between Aspergillus fumigatus IgG levels
pre- and post-LTx (rs = 0.6055; p < 0.0001).

ElevatedAspergillus fumigatus IgG was associated withAspergillus
fumigatus isolation from respiratory samples in the following year
(AUC 0.63, p = 0.022) and the previous year (AUC 0.60, p = 0.004).
Elevated Aspergillus flavus IgG was not significantly associated with
Aspergillus flavus isolation in the previous or consecutive year
(although our study was probably underpowered for this analysis,
with only 16 patients with elevated Aspergillus flavus IgG, and only
12 isolations from respiratory cultures). During the overall study
period (up till 6 months after last IgG measurement) patients that

ever had an increased Aspergillus fumigatus or flavus IgG
demonstrated more mold and Aspergillus species isolation (p =
0.0068 and p = 0.0047, respectively, Table 3).

Elevated Aspergillus fumigatus, flavus, or niger IgE at 1, 2 or
3 years post-LTx was detected in 60/311 (19.3%) of patients, but
was not associated with occurrence of Aspergillus species isolation
in the consecutive or previous year.

Fungal IgG/IgE—CLAD/Survival
Elevated Aspergillus fumigatus or flavus IgG was associated with a
significantly higher CLAD occurrence (p = 0.0355, Figure 2).
AUC in receiver operating characteristic analysis was 0.58 (p =
0.0490). In patients with elevated Aspergillus fumigatus or flavus
IgG, RAS as well as transition from BOS to RAS occurred more
frequently (19.4% vs. 6.1%, Table 3).

Elevated Aspergillus fumigatus, flavus or niger IgE at 1, 2 or
3 years post-LTx was detected in 60/311 (19.3%) of patients, but was
not associated with occurrence of Aspergillus species isolation in the
consecutive or previous year, CLAD or death (data not shown).

Fungal Isolation - CLAD/Survival
A total of 268 positive cultures for fungi were obtained in 47.6% of
patients (n = 148), with a median of 1 [1–2] positive sample per
patient. Time to first positive fungal airway culture was 326 days post-
transplantation on average (note: survival to 1 year post-LTx was an
inclusion criterium for this cohort and cultures during thefirstmonth
post-LTx were excluded). Mold isolation after the first postoperative
month was significantly associated with CLAD occurrence (p =
0.0011) and showed a predictive trend towards death (p = 0.0529).

Mold isolation after the first year post-LTx also remained
associated with later CLAD occurrence (p = 0.0011). There was
no relationship between positive donor mold cultures (n = 17)
and recipient positive mold cultures (n = 12) during the first
postoperative month (odds ratio 1.602, p = 0.49).

TABLE 1 | Patient characteristics.

Male gender, n (%) 154 (49.5%)
Age, median [IQR] (years) 58 [46–62]
Underlying lung disease
Chronic obstructive pulmonary disease, n (%) 165 (53.0%)
Interstitial lung disease, n (%) 56 (18.0%)
CF and non-CF bronchiectasis, n (%) 55 (17.7%)
Pulmonary hypertension, n (%) 7 (2.3%)
Other, n (%) 28 (9.0%)

Type of LTx
Bilateral SSL, n (%) 300 (96.5%)
Combined liver-lungs, n (%) 7 (2.3%)
Combined heart-lungs, n (%) 3 (1.0%)
Combined kidney-lungs, n (%) 1 (0.3%)

CLAD diagnosis, n (%) 67 (21.5%)
Type BOS, n (%) 48 (71.6%)
Type RAS, n (%) 19 (28.4%)
BOS to RAS phenotype switch, n (%) 4 (6.0%)

Available blood samples per patient, median 2
Patients with 1 sample, n (%) 119 (38.3%)
Patients with 2 samples, n (%) 107 (34.4%)
Patients with 3 samples, n (%) 85 (27.3%)

CF, cystic fibrosis; SSL, sequential single-lung; CLAD, chronic lung allograft dysfunction;
BOS, bronchiolitis obliterans syndrome; RAS, restrictive allograft syndrome.

FIGURE 1 | Patient inclusion flowchart. Abbreviations: LTx, lung
transplantation.
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Aspergillus species were cultured 110 times (74.3%), of which
92 were identified as Aspergillus fumigatus (62.1%), 11 as Aspergillus
flavus (7.4%), and 4 as Aspergillus niger (2.7%). Aspergillus species
isolation after the first postoperative month was significantly
associated with both CLAD and death (p = 0.0005 and 0.0424,
Figures 3A,B), and Aspergillus species isolation after the first year
post-LTx remained associated with later CLAD occurrence (p =
0.0004, Figure 3D). In both IFD and non-IFD, Aspergillus species
were associated with CLAD (p = 0.0001, Figure 3C) compared to
patients in whom no Aspergillus species were isolated. Interestingly,
there was no significant difference in CLADoccurrence between IFD
and non-IFD Aspergillus isolation (p = 0.2970).

Most Aspergillus species were treated (66.0%), with either
voriconazole, posaconazole, isavuconazole, or amphotericin B
(54.8%, 34.4%, 6.5% and 4.3%, respectively). Distribution of
the clinical phenotypes (stable, CLAD: BOS, RAS, BOS to RAS)
in patients with or without fungal isolation is shown in
Table 4.

DISCUSSION

This retrospective study of prospectively collected data in a
large cohort of LTx recipients demonstrated for the first time

TABLE 3 | Patient characteristics in patients with ever vs. never elevated Aspergillus fumigatus or flavus IgG after LTx.

A. fumigatus or A. flavus IgG ever
elevated at 1, 2 or 3 years post-LTx

A. fumigatus or A. flavus IgG never
elevated at 1, 2 and 3 years post-LTx

p-value

Patients (%) 31 (9.97%) 280 (90.03%)
Men (%) 15 (48.3%) 139 (49.6%)
Age (years) 58 (44–61) 58 (46–62) 0.9611
LTx indication (%) 0.1261
BRECT 1 (3.2%) 5 (1.8%)
CLAD 2 (6.5%) 12 (4.3%)
CF 8 (25.8%) 44 (15.7%)
Emphysema 17 (54.8%) 149 (53.2%)
Pulmonary GVHD 1 (3.2%) 3 (1.1%)
ILD 1 (3.2%) 54 (19.3%)
PH 0 (0%) 5 (1.8%)
Other 1 (3.2%) 8 (2.9%)

Clinical phenotype (%) 0.0282
BOS 4 (12.9%) 41 (14.6%)
RAS 4 (12.9%) 15 (5.4%)
BOS to RAS 2 (6.5%) 2 (0.7%)
Stable 21 (67.7%) 223 (79.6%)

Ever mold isolation after POD 30 (%) 21 (67.7%) 115 (41.1%) 0.0068
Ever Aspergillus species isolation after POD 30 (%) 18 (58.1%) 88 (31.4%) 0.0047
Deceased (%) 4 (12.9%) 22 (7.9%) 0.3096

LTx, lung transplantation; A., Aspergillus; BRECT, bronchiectasis; CLAD, chronic lung allograft dysfunction; CF, cystic fibrosis; GVHD, graft-versus-host-disease; ILD, interstitial lung
disease; PH, pulmonary hypertension; BOS, bronchiolitis obliterans syndrome; RAS, restrictive allograft syndrome; POD, postoperative day.
Bold represent significant p-values.

TABLE 2 | IgG and IgE levels.

Available samples, n Pre-LTx Year 1 post-LTx Year 2 post-LTx Year 3 post-LTx

308 201 192 192

Samples with positive IgG values
A. fumigatus, n (%) 98 (31.8%) 18 (9.0%) 13 (6.8%) 13 (6.8%)
Median value in positive samples (IQR), mg/L 74.75 (58.18–112.80) 63.95 (55.78–82.75) 67.4 (53.10–78.75) 84.7 (61.70–123.0)

A. flavus, n (%) NA 6 (3.0%) 9 (4.7%) 10 (5.2%)
Median value in positive samples (IQR), mg/L 69.5 (63.43–94.0) 63.7 (58.40–71.75) 78.9 (63.08–113.3)

Samples with positive IgE values
A. fumigatus, n (%) NA 29 (14.4%) 31 (16.1%) 40 (20.8%)
Median value in positive samples (IQR), mg/L 0.6 (0.27–2.09) 1.22 (0.36–3.10) 0.48 (0.20–2.29)

A. flavus, n (%) NA 5 (2.5%) 12 (6.3%) 10 (5.2%)
Median value in positive samples (IQR), mg/L 0.58 (0.19–9.97) 0.2 (0.14–0.67) 0.53 (0.15–2.10)

A. niger, n (%) NA 8 (4.0%) 9 (4.7%) 8 (4.2%)
Median value in positive samples (IQR), mg/L 0.26 (0.12–0.73) 0.18 (0.14–1.10) 1.28 (0.28–2.40)

LTx, lung transplantation; A., Aspergillus; NA, not available.
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that Aspergillus species specific IgG was associated with later
fungal isolation and fungal-related complications
(IFD,CLAD). This study also confirmed previously
published findings that mold isolation, especially Aspergillus
species, was associated with CLAD development and impaired
survival (3–5).

CLAD is the leading cause of death beyond the first post-
transplant year. Respiratory infections are among the many
elements reported to contribute to CLAD (4, 5, 17–19).
Indeed, presence of molds within the airways after
transplantation may result in local innate inflammation and
epithelial injury followed by dysregulation of repair

FIGURE 3 | Kaplan-Meier curves of overall survival and CLAD occurrence as a function of Aspergillus species isolation from respiratory samples after LTx (A–D). In
all analyses, only patients with survival >1 year after LTx were included. (C) When a culture was positive for Aspergillus species, further clinical phenotyping was
performed according to the latest EORTC-MSGERC and ISHLT consensus (15, 16). (D) Patients who developed CLAD in the first postoperative year were excluded.
Abbreviations: LTx, lung transplantation; A., Aspergillus; CLAD, chronic lung allograft dysfunction.

FIGURE 2 | CLAD occurrence as a function of Aspergillus fumigatus and Aspergillus flavus IgG after LTx.
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mechanisms, ultimately responsible for chronic fibroproliferation
and progressive graft dysfunction (4, 5, 20–22).

However, as mentioned previously, respiratory samples are
not always available, as not all patients produce sputum and
bronchoscopy is not always performed or possible. Subclinical
presence of fungi could thus remain undetected. Fungal-specific
IgG could therefore represent a new way of identifying lung
transplant patients at risk for fungal-related complications,
besides sampling of the airways.

Aspergillus fumigatus IgG levels were lower after LTx
compared to pre-transplant, which is probably due to our
immunosuppressive regimen as well as replacement of the
diseased (and often, especially in CF patients, Aspergillus
species colonized) native lungs with (non-colonized) donor
lungs. Aspergillus fumigatus IgG levels pre- and post-LTx were
correlated, which could possibly mean that these patients are
inherently more prone to develop IgG (and thus have higher
immune activity), or there is an ongoing environmental
exposure in these patients. Aspergillus IgG levels were not
significantly different at 1, 2 and 3 years post-LTx. Aspergillus
fumigatus IgG was associated with Aspergillus fumigatus
isolation in the previous or consecutive year, and patients
with elevated Aspergillus fumigatus or flavus IgG has more
mold and Aspergillus species isolation during the study period.
This could be explained by the fact that specific IgG is a
measure of fungal exposure, even when fungi are not always
captured by routine follow-up respiratory samples, especially
when frequency of follow-up decreases over time post-LTx.
Fungus-specific IgG has been used in the diagnosis of
(invasive) fungal infections such as chronic pulmonary
aspergillosis and ABPA, but also in determining risk factors
for interstitial lung diseases, such as hypersensitivity
pneumonitis (6, 7, 23, 24). The clinical advantage of IgG
measurement is that it is not dependent on sampling of the
airways and can therefore always be measured. Elevated
Aspergillus fumigatus or flavus IgG was associated with
higher CLAD prevalence, which is not surprising, as fungal
infections are a risk factor for CLAD. Interestingly, RAS as well
as transition from BOS to RAS occurred more frequently in the
group with elevated IgG compared to non-elevated IgG
(Table 3), indicating that elevated IgG could be a marker
for fungal-related complications predisposing more to RAS
than BOS.

On the other hand, positive specific IgE for Aspergillus
fumigatus was not significantly associated with CLAD,
survival or fungal isolation in our cohort. This is probably
due to the shorter half-life of IgE in the serum (only 2–3 days)

and the fact that the majority of IgE in the body is cell-bound,
and only a small fraction can be measured in the circulation.
This is in contrast to IgG, which has a much longer half-life of
about 3 weeks and is the most prevalent antibody molecule in
the serum (25, 26).

Invasive fungal infections are a known risk factor for CLAD,
and even without signs of infection Aspergillus species isolation
from airway sampling is considered a risk factor for CLAD. In
our study, Aspergillus species were cultured in 74.3% of the
respiratory samples demonstrating molds, and Aspergillus
species isolation was significantly associated with CLAD and
impaired survival, confirming findings from earlier studies
(2–5). There was no significant difference in CLAD
occurrence in patients with Aspergillus IFD vs. non-IFD
Aspergillus isolation. Median time from Aspergillus isolation
(without signs of infection) to CLAD in earlier studies was
reported to be 633 days (IQR 575-675) (20) or 261 days (21),
while in our cohort, in the group that developed CLAD, the
median time from Aspergillus species isolation (exclusion of first
postoperative month) to CLAD diagnosis was 384 days,
however Aspergillus species infections were also included in
our cohort. Interestingly, patients with Aspergillus species
isolation showed a higher tendency to develop RAS or
transition from BOS to RAS phenotype (15.1% vs. 3.4% in
patients without Aspergillus species isolation, Table 4). This
may again indicate that fungal infections may predispose to RAS
rather than to BOS, which requires validation in other cohorts.

Overall, elevated Aspergillus-specific IgG should therefore
increase vigilance for Aspergillus-related complications.

There are some limitations to our study, such as its single
center set-up, the low detection rate of elevated IgG levels and
the lack of skin prick tests, as there is a potential discordance
between in vitro tests and skin prick tests. However, the value
of skin prick tests in LTx patients (who are on maintenance
corticosteroids) is questionable. Also, only IgG specific for
Aspergillus fumigatus and flavus was measured, and as these
are the most prevalent Aspergillus species, other Aspergillus
species were uncommon in respiratory cultures (only 4.8% of
respiratory cultures). These IgGs thus covered the majority of
isolated Aspergillus species. Also, there is a lack of assessment
of local immune activation (i.e., BAL or blood lymphocytic
subtypes) or immunosuppressive treatment, which were
outside the scope of the study.

In conclusion, fungus-specific IgG could be a useful non-
invasive marker of fungal exposure in long-term follow up after
LTx, to help identify patients at risk for fungal-related
complications, CLAD, and inferior outcome.

TABLE 4 | CLAD phenotype comparison in patients with or without fungal isolation from respiratory samples after LTx.

Ever Aspergillus
species (n = 106)

Never Aspergillus
species (n = 205)

Ever molds (n = 136) Never molds (n = 175)

BOS 20 (18.9%) 24 (11.7%) 24 (17.3%) 20 (11.4%)
RAS 13 (12.3%) 6 (2.9%) 14 (10.2%) 5 (2.9%)
BOS to RAS 3 (2.8%) 1 (0.5%) 3 (2.2%) 1 (0.6%)
Stable 70 (66.0%) 174 (84.9%) 95 (69.9%) 149 (85.1%)

p = 0.0002 p = 0.0034
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