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Abstract
Invasive aspergillosis (IA) infection is common and remains a major cause of morbidity and mortality in lung
transplant recipients (LTRs).In this observational cross-sectional study, we gathered clinical data of 157 adult
LTRs from March 2017 to December 2018 in a lung transplant center in China. All recipients were followed until
the end of March 2019. Forty-three of the 157 LTRs (27.4%) developed IA infection. The most common
pathogens were Aspergillus �avus (n=16/37 strains, 43.2%), followed by Aspergillus fumigatus (n=11/37
strains, 29.7%) and Aspergillus niger (n=5/37 strains, 13.5%). Intravenous echinocandins and inhaled
amphotericin B were universally used for antifungal prophylaxis. The vast majority of infected LTRs (83.7%,
36/43) were treated with voriconazole monotherapy, and the rest (16.3%) were voriconazole-based
combination therapy. The all-cause mortality 1 month and 6 months postoperatively was 4.7% and 18.6%
respectively, and 34.9% had died at the conclusion of this study. The mortality rate of patients with early-onset
IA (within 3 months) reached 40.0%, which seemed to be higher than that of patients with late-onset IA (more
than 3 months, 12.5%). The incidence of IA in LTRs is high. The most common form of infection was TBA, with
Aspergillus �avus as the main pathogenic fungus. Due to poor prognosis, it is important to select appropriate
antifungal prophylaxis strategy and initiate antifungal therapy as early as possible upon con�rmation of the
diagnosis of IA infection.

Introduction
Currently, lung transplantation (LTx) is an accepted treatment for end-stage pulmonary diseases such as
chronic obstructive pulmonary disease, interstitial lung disease, pulmonary hypertension, cystic �brosis and
bronchiectasis. To date, however, LTx remains expensive and carries a high mortality, with approximately 50%
median survival 5 years after LTx [1]. The clinical prognosis of lung transplant recipients (LTRs) is strongly
in�uenced by the occurrence of allograft rejection and various infections, such as multidrug resistant bacterial
infections, cytomegalovirus infection or invasive fungal infections. Aspergillus is the most common invasive
genus of fungus that infects solid organ transplant (SOT) recipients, especially LTRs. Invasive aspergillosis (IA)
directly and indirectly contributes to the poor outcomes of these patients, such as a high early postoperative
mortality and a high risk of bronchiolitis obliterans [2-4]. It has been reported that the overall incidence of IA in
LTRs ranges from 4% to 23% [5] among different LTx centers abroad, while other studies have noted a higher
prevalence of aspergillus infection [6]. However, the incidence of IA infection in Chinese LTRs remains rarely
reported.

An optimal antifungal prophylactic and treatment strategy for LTRs has not been de�ned and remains
controversial among different LTx centers at home and abroad. In recent years, lung transplantation is
developing rapidly in China. However, there is little information available about the current status of
perioperative antifungal prophylaxis and therapeutic regimen for postoperative aspergillus infections among
Chinese LTRs. The aim of this study was to report the incidence, clinical features, current antifungal
prophylaxis and treatment strategy for invasive aspergillosis after LTx in a single center in China.

Methods
Ethical approval 
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    The present study was approved by the Ethics Committee of China-Japan Friendship Hospital(2019-164-
K113) and was performed in compliance with the Declaration of Helsinki.

Study Population 

   We conducted a cross-sectional study of patients with invasive aspergillosis infection following LTx in the
center of Lung Transplantation between March 2017 and December 2018. We reviewed patient records,
including demographic data, primary lung diseases, type of lung transplant, immunosuppressive regimen,
baseline laboratory �ndings, microbiology, radiology, antifungal prophylaxis and treatments, survival and cause
of death. If a patient experienced two or more episodes of IA infection after transplantation, only the �rst
episode was considered to calculate incidence.

De�nitions 

   In our study, fungal infections were de�ned according to the standardized recommendations of
the International Society for Heart and Lung Transplantation (ISHLT)[7]. IA was categorized into proven,
probable and possible. The "proven" IA category, which includes clinical syndromes of tracheobronchitis or
pneumonia, required positive histologic evidence of invasion showing fungal hyphae in the tracheobronchial or
lung biopsy tissue (with or without microbiologic criteria), accompanied by associated manifestation of tissue
damage.

    The "probable" IA category was assigned to patients that met the clinical and mycological criteria but lacked
positive histologic evidence. The clinical criteria include evidence compatible with invasive pulmonary
aspergillosis (IPA) on chest computed tomography or characteristic �ndings on bronchoscopy compatible with
tracheobronchial aspergillosis (TBA); mycological criteria include recovery of Aspergillus species from the
fungal culture of bronchoalveolar lavage �uid (BALF) or sputum specimens or a positive Aspergillus
polymerase chain reaction assay.

   According to the ISHLT de�nition, the category of “possible” IA infection might not be applicable to LTRs
owing to the multitude of possible diagnoses in these patients [7]. Nevertheless, this category was still applied
in our study but was de�ned more strictly to include only those cases with a host factor and a clinical criterion:
worsening clinical symptoms or signs; or new or worsening endobronchial lesions or radiologic �ndings but for
which mycological criteria were absent, according to the 2008 EORTC/MSG consensus de�nitions [8]. These
“possible” IA patients were still treated with standard course of antifungal drugs due to clinically highly
suspected aspergillosis in our study. Unless otherwise stated, the general term of IA pertains to the combination
of proven, probable and possible aspergillosis.

    Colonization refers to patients with positive isolation of Aspergillus from BALF or sputum specimens in the
absence of clinical or radiographic evidence of invasive disease who did not receive antifungal treatment and
did not develop IA infection during at least 6 months of follow-up.

    On the other hand, IA infection includes two different forms of invasive pulmonary aspergillosis (IPA) and
tracheobronchial aspergillosis (TBA) in LTRs. IPA requires positive histological or radiological evidence of lung
parenchymal invasion, accompanied by an associated manifestation of tissue damage. TBA was de�ned as
isolation of Aspergillus in culture or positive PCR with one or more endobronchial lesions (erythema, ulceration,
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necrosis and pseudomembrane formation including at the site of endobronchial anastomosis) without an
alternative diagnosis and without evidence of invasive lung parenchymal disease. It should be noted that
bronchial anastomotic infection (BAI) is a special type of TBA in LTRs, showing endobronchial lesions
restricted to the site of anastomosis without clinical or histologic involvement of other parts of the bronchial
tree or lung parenchyma[7]. More detailed interpretations can be found in the ISHLT De�nitions of Infections in
Cardiothoracic Transplant Recipients[7] and the 2008 EORTC/MSG consensus de�nitions [8].    

    In our study, bronchial aspiration (BA) instead of bronchoalveolar lavage (BAL) was performed during the
routine care of LTRs, due to its better tolerance and fewer side effects. As we all know, BAL was performed by
wedging the tip of the bronchoscope into a lobar bronchus, and 100 milliliters (2×50 ml or 5×20 ml) of 0.9%
saline at room temperature was instilled and aspirated back into a collecting chamber [9]. Bronchial aspirates
were primarily collected by suctioning secretions from the lower airways during bronchoscopy, and at most 20
ml saline was instilled in areas of radiographic abnormality according to operator preference in our study[10].
The BA samples that were obtained for the GM antigen detection test were also used for the fungal culture and
PCR assays. However, positive galactomannan in the BAL with a cutoff level of 1.0 in the diagnosis of IA
infection according to the ISHLT de�nition, was not adopted at the time of diagnosis in our study[5].

Standard Protocols

    Some of the LTRs received induction immunosuppression with basiliximab. All recipients received
intraoperative methylprednisolone followed by maintenance immunosuppression, including a calcineurin
inhibitor (tacrolimus/cyclosporine), an antimetabolite (mycophenolate mofetil) and prednisone. If the
infections after lung transplantation were judged to be acceptable by the attending physician, the
antimetabolite was given as soon as possible. Otherwise, the application of the antimetabolite would be
delayed to some extent.

   All recipients were regularly admitted to the hospital for systematic inspection 1, 3, 6, 9, 12, 18, and 24
months postoperatively. Laboratory examinations, chest CT scans, and bronchoscopy with bronchial aspirate
(BA) sampling were performed according to a surveillance protocol and when clinically indicated. The BA were
examined by appropriate staining techniques and fungal culture, as well as Galactomannan (GM) detection.

   LTRs were given universal antifungal prophylaxis mainly with echinocandins after surgery. Antifungal therapy
was initiated as soon as possible upon con�rmation of the diagnosis of IA infection. All recipients were
followed until the end of March 2019 (at least 3 months after LTx). All-cause mortality 1 month and 6 months
after surgery and at the conclusion of this study were analyzed.

Statistical Analysis

  Continuous variables are presented as the mean±standard deviation. Categorical variables are presented as
counts and proportions. The chi-square or Fisher’s exact test was used to compare categorical variables.
Continuous variables were compared by using the t-test or the Mann–Whitney U-test. All tests of statistical
hypotheses were two-sided, and p≤0.05 was considered statistically signi�cant. All data were analyzed using
SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
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Results
Demographic and Baseline Characteristics

    A total of 157 lung transplant recipients were enrolled in the study from March 1, 2017, to December 31,
2018. Of these patients, 11 recipients were only colonized with Aspergillus species, and 50 recipients developed
invasive fungal infections after transplantation, including Aspergillus spp. (43/157),
Scopulariopsis/Microascus (3/157), Cryptococcus neoformans (2/157), Candida spp. (1/157) and Mucorales
(1/157). 43 invasive aspergillosis infection cases were identi�ed in the study. The incidence of IA infection
posttransplantation reached 27.4% (43/157). The demographic and clinical characteristics of the 43 recipients
with IA infection are summarized in Table 1. Of these, 74.4% (32/43) were single lung transplant recipients, and
the most common primary lung disease was interstitial lung disease (83.7%, 36/43). The median serum
creatinine level before surgery was 63.8 [46.7~70.7] µmol·L-1, and the preoperative immune status was almost
normal according to serum IgG level, total lymphocyte count and CD4+ T-lymphocyte count. All 43 recipients
received tacrolimus as the primary maintenance immunosuppressive agent, and approximately a quarter of the
recipients received intraoperative induction immunosuppression with basiliximab.

Time of onset

    The median time of IA onset was 21.0 days posttransplantation, ranging from 1 to 471 days. Three of the 43
recipients (7.0%) with IA infection had a de�nite history of preoperative Aspergillus colonization. 60.5% (26/43)
of IA infections occurred within 1 month, 81.4% (35/43) within 3 months and 88.4% (38/43) within 6 months of
lung transplantation. Only 4.7% (2/43) infections were documented after 12 months of transplantation.

    According to the time of IA onset after transplantation, 34 recipients were divided into an early-onset group
(35/43, within 3 months after surgery) and a late-onset group (8/43, more than 3 months after surgery). As
shown in Table 2, the early- vs late-onset group did not show any signi�cant differences in certain variables,
such as primary lung disease, operation method, corticosteroid usage 6 months before surgery, induction
immunosuppression strategy and clinical outcome. However, the all-cause mortality of early-onset Aspergillus
infections reached 40.0%, which seemed to be higher than that of the late-onset group (12.5%), although no
statistically signi�cant difference was found between the two groups in this study.

Clinical Manifestations

    Of the 43 recipients with IA infection, 9.3% (4/43) were diagnosed with proven IA infection according to the
ISHLT criteria, while 65.1% (28/43) probable IA infection and 25.6% (11/43) possible IA infection. 76.7%
(33/43) of the patients had TBA, and 32.6% (14/43) had IPA. Of these, 4 patients (9.3%) suffered from both IPA
and TBA. None had disseminated invasive aspergillosis. When analyzing the microorganisms involved in the IA
infection, we found that 6 had been caused by polymicrobial invasion with more than one type of Aspergillus
(Table 3). The most common pathogens that caused IA infections were Aspergillus �avus (n=16/37 strains,
43.2%), followed by Aspergillus fumigatus (n=11/37 strains, 29.7%) and Aspergillus niger (n=5/37 strains,
13.5%) (Fig. 1).

    The fungal cultures of sterile sites were positive in 32 recipients (74.4%), while 11 possible IA recipients
(11/43, 25.6%) had negative cultures, with BA-GM values ranging from 1.4 to 10.9 ng/ml. The median value of



Page 6/18

BA-GM from all 43 recipients with IA infection was 6.76 ng/ml [interquartile range, IQR, 4.25-9.15 ng/ml], which
seemed to be much higher than the currently recommended diagnostic cutoff value for BAL-GM.
The diagnostic performance of GM testing on BA samples obtained from LTRs with IA infection after lung
transplant will be further explored in future studies.

Treatment and outcomes

    All recipients were treated with universal antifungal prophylaxis strategies after LT surgery. Nebulized
amphotericin B (nAB) and intravenous caspofungin were indicated in 42 patients, while the remaining patient,
who had a de�nite history of preoperative aspergillosis infection, received nAB and intravenous voriconazole.
Antifungal therapy was initiated upon con�rmation of the diagnosis of IA infection. The antifungal treatment
regimen was decided by the attending physician and was mainly based on the guidelines from the American
Society of Transplantation Infectious Diseases Community of Practice (2019) [5]. The treatment duration was
individualized according to the patient's response and the discretion of the attending physician. The average
duration of treatment in our study was 100.78±61.54 days, ranging from 4~272 days. A total of 83.7% (36/43)
of IA infection patients were treated with voriconazole monotherapy, and 16.3% (7/43) were treated with
primary combination therapy (Table 4). Most patients (79.1%, 34/43) received intravenous administration of
voriconazole followed by sequential oral administration, while the remaining 9 patients (20.9%) were given
antifungal therapy directly with voriconazole orally due to concerns about kidney function.

    Anastomotic �stulae occurred in 9 (9/43, 20.9%) and anastomotic stenosis occurred in 10 (10/43, 23.3%) IA
infection patients; of these, 2 patients presented with anastomotic �stulae at �rst, followed by anastomotic
stenosis later (Table 4). It should be noted that all anastomotic airway complications occurred in 33 recipients
with TBA, while none occurred in those with IPA. Septic shock due to invasive aspergillosis complicated with
other fungal or bacterial infections was the leading cause of posttransplantation death. In our study, all-cause
mortality 1 month and 6 months posttransplantation in patients with IA infection was 4.7% (2/43) and 18.6%
(8/43), respectively. Up to March 31, 2019, a total of 15 recipients had died, showing a high mortality rate of
34.9%. As shown in Table 3, 3/6 (50.0%) recipients with severe IA infections due to polymicrobial invasion died
of infection-related complications, such as anastomotic �stula or septic shock. 11/36 (30.6%) recipients given
voriconazole monotherapy ultimately died of severe infections. 7 recipients suffered from more intractable
aspergillosis infections regardless of polymicrobial invasion and received voriconazole-based combined
antifungal therapy; these patients seemed to show a higher mortality rate than the monotherapy patients
(57.1%, 4/7).

Discussion
   Unlike for other solid-organ transplant (SOT), decreased mucociliary clearance, impaired cough re�ex, and
continuous exposure of the lungs to the environment are among the factors that contribute to postoperative
bacterial or fungal infections in recipients of lung transplants. This study shows that the incidence of IA among
LTRs remains high and that IA is associated with a poor outcome, indicating that IA infection should be given
more attention. Chinese lung transplant recipients have a number of different characteristics from those from
other countries, which may in�uence the occurrence, development, prognosis and treatment response for IA
infection: 1) older age; 2) more serious lung diseases when accepting lung transplant surgery; 3) more single
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lung transplant recipients; 4) higher percentage of pulmonary �brosis as the underlying lung diseases; and 5)
poorer quality of donor lungs. In our center, the median age of LTRs was 62 years, and 25.5% (40/157) were
older than 65 years. Although age over 65 years is a relative contraindication for lung transplant surgery in
other countries [11], advanced age is indeed a prominent characteristic of LTRs in China. Increasing age is often
associated with more comorbid conditions that may in�uence the clinical outcome. On the other hand, a recent
multicenter study showed that the main risk factors for postoperative IA infection included single lung
transplantation (hazard ratio [HR]: 1.8, p=0.02) and posttransplant colonization with Aspergillus spp. within 1
year of transplantation (HR: 2.11, p=0.03) [12]. In our study, 74.4% of the patients received a single lung
transplant, a much higher proportion than in other countries [4]. The incidence of invasive aspergillosis infection
after LT was 27.4% in our study, which is not low. According to series reports, the overall incidence of IA
infection in lung transplant patients ranges from 3%~23% [5, 13-15].

     In our study, the median time of IA onset was 21.0 days posttransplantation, and the vast majority of
infections (81.4%) occurred within 3 months after surgery. This indicates that the �rst three months after
transplantation is the period when IA infection is most likely to occur. Compared with our �ndings, other
countries have reported much later times of IA onset, with a median of 7.7 months posttransplantation[12]. In
some centers in Western Australia, the rate of invasive fungal infection was comparatively low, showing a
cumulative incidence of 3.8% at 1 year, 7.6% at 3 years and 10.1% at 5 years posttransplantation, with a
median of 583 days (IQR 182~1110 days), likely because of comprehensive early antifungal use and
preemptive therapy at any time after transplantation. In that cohort, in addition to nebulized amphotericin
administered to all LTRs on transplantation admission, systemic mold-active azole was given to 80/130
(61.5%) LTRs in the �rst 6 months posttransplant, 57/121 (47.1%) 6-12 months after transplantation, and
93/124 (75%) more than 12 months posttransplantation[16]. The above differences in prevention and treatment
of fungal infections probably in�uenced the incidence and timing of invasive aspergillosis after lung
transplantation. In addition, the incidence and timing of IA infection may be related to the quality of the donor
lungs. Due to traditional concepts among Chinese people, tissue and organ donation and procurement usually
occur much later than abroad, which inevitably leads to longer ICU stays and poor donor lung quality.
Therefore, Chinese lung transplant recipients face more complex and severe problems of early postoperative
infections. In our center, severe bacterial or fungal infections and associated complications have become the
leading cause of death for LTRs.

    It is well known that invasive candidiasis is the most frequently observed invasive fungal infection (IFI)
among all SOT recipients, except for LTRs, where invasive aspergillosis is the most common[6]. We adopted
a universal prophylaxis strategy for avoiding postoperative invasive fungal infections, which was thought to be
the primary cause of the low occurrence of invasive candidiasis among LTRs. Recent studies have suggested
that 16.5% of patients who underwent LTx developed IFI, while Aspergillus spp. (45%, most commonly
Aspergillus fumigatus) was the most common cause of IFI, followed by Candida spp. (23%, most commonly
Candida albicans) and other molds [1, 2, 4]. Our �nding is different from the above reports. Among 157
recipients, the vast majority of IFIs were caused by Aspergillus spp. (27.4%, 43/157), especially Aspergillus
�avus, followed by Aspergillus fumigatus and Aspergillus niger. Consistent with the literature, other invasive
fungi found in our study accounted for only a small proportion of IFI patients. In Western Australia, Aspergillus
species, followed by Scedosporium apiospermum and Cryptococcus species were the most common fungi that
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caused IFIs among lung transplant recipients [16]. This difference in epidemiology may be related to the
distribution of pathogens in different countries and regions.

   The clinical manifestations of aspergillosis range from asymptomatic colonization to invasive presentations,
including TBA, IPA, and disseminated extrapulmonary aspergillosis. Asymptomatic colonization with
Aspergillus was found in 11 LTRs (11/157, 7.0%) postoperation. Whether these asymptomatic colonizations
are a risk factor for IA infection still needs further follow-up. In the majority of IA patients, the clinical
symptoms include cough, hemoptysis, pleuritic chest pain, or fever. Respiratory failure secondary to IA is
uncommon[5]. It is worth mentioning that mixed infections, especially multidrug-resistant bacterial infections
and invasive fungal infections, are very common at the early stage of lung transplantation, making it almost
impossible to distinguish the clinical symptoms caused by bacterial or Aspergillus infections. In our center, TBA
(including a special type,BAI) was the main form of invasive aspergillosis infection (76.7%), followed by IPA
(32.6%). As reported in the literature, TBA occurs mainly among LTRs and may lead to airway obstruction,
bronchial ulcerations and pseudomembrane formation [17]. In our study, LTRs with TBA were signi�cantly more
likely to suffer from anastomotic airway complications (stenosis, 10/33, and �stulae, 9/33) than those with IPA
(0/14). Chong PP and his colleagues showed that Aspergillus fumigatus was the most common cause of
invasive fungal infections, with the pulmonary parenchyma being the most common site of infection [4].
However, the tracheal bronchus (bronchial anastomosis included) of the transplanted lung was found to be the
most common site of IA infection in our center. On the one hand, the incidence of IPA was much lower than that
of TBA in our study, partly due to the targeted prevention or preemptive treatment for postoperative fungal
infections. On the other hand, the diagnosis of IPA is more di�cult than that of TBA in clinical practice due to
concerns about the underlying procedure-related risks from lung tissue biopsy not only for the patients but also
for the respiratory physicians.

    Bronchial anastomotic infection is a special type of IA infection in lung transplant recipients that can lead to
anastomotic dehiscence or stenosis, necessitating aggressive therapy [18, 19]. It has been reported that following
lung transplantation, saprophytic fungal infections of the bronchial anastomosis are associated with serious
airway complications. The risk of patients with infections developing an additional complication following an
anastomotic infection was �ve times that of recipients without an infection (relative risk, 5.36; 95% CI, 1.82 to
15.79). The odds in favor of a bronchial complication in patients following infection were eight times greater
than in recipients without infection (odds ratio, 8.31; 95% CI, 1.96 to 35.16) [20]. A typical case is shown in Fig.
2. This was a 67-year-old male recipient who complained of dry cough 2 months after a left single LT
for hypersensitivity pneumonitis. The growth of fungal �laments can be seen at the anastomotic site under
direct broncho�broscopic observation. Positive histopathology and tissue culture both con�rmed that this was
a proven IA infection caused by Aspergillus �avus. Because of cultural complexities and differences between
Eastern and Western countries, it is relatively harder for Chinese LTRs to agree to invasive operations, such as
lung biopsy or bronchial anastomotic tissue biopsy, especially in the early postoperative period. This may
explain why only a small percentage of recipients (9.3%) with IA were diagnosed with proven IA infection
according to ISHLT criteria in our study.

   According to the guidelines, BAL-GM is the preferred sampling method for the diagnosis of IPA among SOT
recipients (strong; high quality), and a BAL-GM cutoff index value ≥1.0 ng/ml is preferred for the diagnosis of
IA in lung and nonlung transplant recipients, in combination with other fungal diagnostic modalities (e.g., chest
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CT scan, culture) [5]. In the diagnosis of IA infection among lung transplant recipients, the sensitivity of BAL-GM
ranges from 67%~100%, while the speci�city ranges from 89%~93% [21]. Therefore, we also regarded BAL-GM
as an important surveillance and diagnostic modality for IA infection in lung transplant recipients during
follow-up. Recently, some studies have shown that because of the high sensitivity of bronchial aspirate
culturing, unlike BAL (k 0.817, CI 0.664~0.840, p<0.001), it can be used successfully for most patients with
ventilator-associated pneumonia [22]. BAL is not always well tolerated by LTRs, especially recipients at the early
stage following lung transplantation; it may cause some minor complications, such as fever, cough, wheezing,
pulmonary in�ltrates and hypoxemia. Serious complications, including pneumothorax, bleeding and cardiac
arrest, are rare, but the consequence is serious and easily leads to medical damage disputes [23].
Simple bronchial aspiration, on the other hand, is well tolerated and frequently performed during the routine
care of LTRs in our center. We found that the median value of BA-GM from all 43 recipients with IA infection
reached 6.76 ng/ml [IQR, 4.25-9.15 ng/ml], which was much higher than the recommended diagnostic cutoff
value for BAL-GM. The diagnostic performance and cutoff value of BA-GM for IA infection in lung transplant
recipients will be further explored in a future study.

    An optimal antifungal prophylactic strategy has yet to be de�ned for lung transplant recipients. The
antifungal agent employed and the duration of prophylaxis remain controversial among different lung
transplantation centers. Given the �ndings of previous studies that tracheobronchial or anastomotic
aspergillus infections were the most frequently occurring infections within 3 months[24], antifungal prophylaxis
with aerosolized amphotericin B deoxycholate (AmBd) was typically employed for 3 months in LTRs in our
study. Amphotericin B, via inhaled administration, can provide local protection to the airways and bronchial
anastomoses of transplanted lungs at risk of infection and is also associated with a low rate of invasive
pulmonary fungal infection in the early posttransplantation period [25]. However, the optimal dosage,
formulation (deoxycholate or lipid formulations) and duration of prophylaxis with inhaled amphotericin B are
highly variable among lung transplant centers [1]. In previous studies, aerosolized AmBd was discontinued due
to intolerance in 12.2% of LTRs following postoperative administration at a dose of 25 mg once every day [25].
But in our study, all recipients ultimately tolerated inhaled AmBd well at a dose of 12.5 mg twice daily, although
a few complained of irritable cough or bitter taste.

    In addition to local administration of antifungal agents, systemic therapies are also needed because inhaled
amphotericin B is not systemically absorbed and does not provide protection against fungal infections in
locations beyond the airways and lung parenchyma1. There is no consensus on the choice of systemic
antifungal prophylactic agent, rout of administration, or duration of prophylaxis. Considering the greater
intolerance to the side effects of triazoles and greater interaction with anti-rejection drugs, intravenous
echinocandins (e.g., caspofungin 50 mg daily) for three weeks and in combination with inhaled AmBd for three
months are the preferred �rst-line agents in our center of lung transplantation. Almost no recipient suffered
from invasive candidiasis due to the above antifungal prophylaxis, except for one patient who suffered from
candidemia mixed with invasive aspergillosis.

    Voriconazole remains the most common drug of choice for treating invasive aspergillosis infections,
followed by isavuconazole and lipid formulations of amphotericin B [5, 26]. However, whether voriconazole
monotherapy or combination antifungals should be used as the primary IA therapy remains controversial. In
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our study, the vast majority of IA recipients (36/43,83.7%) were treated with voriconazole monotherapy at the
discretion of the attending physicians, showing the mortality rate of 30.6%(11/36). The remaining recipients
(7/43,16.3%) received combined antifungal therapy because of a fungal breakthrough infection or mixed
infections with other invasive molds, such as Rhizopus microsporum, Scopulariopsis/Microascus or
candidemia, showing a higher mortality rate of 57.1%(4/7) , although not signi�cantly so (p=0.359) .Consistent
with the recommendations from both the Infectious Diseases Society of America (IDSA) [18] and the European
Society for Clinical Microbiology and Infectious Diseases [27], we agree that triazoles are preferred agents in
the treatment of IA for most recipients. However, more attention should be paid to those patients with fungal
breakthrough infection or mixed infections, due to the poor outcome for voriconazole monotherapy or
combination therapy. Therapeutic drug monitoring (TDM) for all patients receiving azole antifungals should be
carried out to ensure the effectiveness and safety of antifungal therapy and especially to minimize drug
interactions with antirejection agents such as tacrolimus or cyclosporine.

    The mortality rate of IA among LTRs varies according to the clinical presentation, ranging from 23%~29% for
patients with tracheobronchitis to as high as 67%~82% for patients with IPA [28]. In recent studies, the 1-year
survival for patients who developed IFI following transplant has increased to 77%~78% [4, 29]. In our study, the
all-cause mortality 1 month and 6 months postoperatively was 4.7% and 18.6%, respectively, and 34.9% of the
43 LTRs with IA infections had died at the conclusion of this study. This shows that the mortality rate in our
center was also high and is basically consistent with that reported in the above literature. More attention
should be paid to the 40% mortality rate among patients with early-onset IA, as this may be higher than that of
patients with late-onset IA (12.5%), although not signi�cantly so(p=0.289). This may be partly related to our
small sample size. However, another study reported the opposite result; patients with late-onset Aspergillus
infections had signi�cantly higher mortality than those with early-onset infections (57% vs 28%, p=0.045) [24].
Thus, the data from different lung transplant centers can sometimes vary greatly. In addition, recipients with
mixed fungal infections resulting polymicrobial invasion seemed to have the worst outcome, with mortality as
high as 50% in this study. It has been reported that invasive aspergillosis is associated with early and high
mortality in lung transplant patients, and colonization with Aspergillus is also associated with a signi�cant
increase in mortality after 5 years [14]; however, whether mixed fungal infection is an independent risk factor for
higher mortality remains unknown, and prospective studies with larger samples are needed to verify this
hypothesis in the future.

    The study had some limitations. First, the study has a single-center, cross-sectional study design with a small
number of patients and a lack of a control group, which may limit the generalizability of our �ndings to other
practice settings in China. Second, the follow-up time was limited, and we did not explore the risk factors for IA
development. Finally, due to the constant adjustment of transplantation practices due to the infective state of
recipients, such as the regimen and intensity of immunosuppressive therapy, we could not capture relevant
data to analyze the association between the occurrence of posttransplantation IA and immunosuppressive
treatment.

Conclusion
The incidence of invasive aspergillosis infection after LTx is high, especially that of tracheobronchial
aspergillosis, with Aspergillus �avus as the main pathogenic fungus. It is very important to select
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an appropriate antifungal prophylaxis strategy, and antifungal therapy should be initiated as early as possible
upon con�rmation of the diagnosis of IA infection.
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Tables
Table 1 Demographic and clinical characteristics of lung transplant recipients with invasive aspergillosis
infection
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Characteristic Median (range) or n(%)

Age (yr)       63 (28~78)

Sex

     Male

     Female

 

36 (83.7)

7 (16.3)

BMI (kg/m2) 22.5(13.8~ 27)

Type of transplant

     Single lung

     Bilateral

 

32 (74.4)

11 (25.6)

Underlying pulmonary disease

     Interstitial lung disease

     Chronic obstructive pulmonary disease

     Bronchiectasis

     Pulmonary hypertension

 

36 (83.7)

4 (9.3)

2 (4.7)

1 (2.3)

Induction Immunosuppression

     Basiliximab and glucocorticoid

     Glucocorticoid only

 

12 (27.9)

31 (72.1)

Maintenance immunosuppressive agent

     Tacrolimus

     Cyclosporine

 

43 (100)

0

Corticosteroid usage 6 months before surgery 16 (37.2)

Baseline creatinine level (µmol·L-1 63.8 (46.7~70.7)

Preoperative immune status

     Baseline serum IgG level (mg/dL)

     Baseline total lymphocytes count (×109/L)

     Baseline CD4+ T-lymphocyte count (/µl)

 

1415 (1092-1645)

1.6 (1.1-2.6)

879.9±510.3*

*: Data are displayed as mean±SD.

Table 2 Variables associated with early-onset (occurring within 3 months) vs late-onset (occurring 3 months
after transplantation) invasive aspergillosis infections
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Variable Early onset

(n=35)

Late onset

(n=8)

P value

Mean age 61.0 (54.0-67.0) 65.5 (56.5-68.5) NS

Gender (male) 29 (82.9%) 7 (87.5%) 0.787

BMI (kg/m2) 22.5 (20.0-23.9) 24.2 (19.9-25.2) 0.812

Primary lung disease

     Pulmonary �brosis

 

30 (85.7%)

 

6 (75.0%)

 

0.864

Corticosteroid usage 6 months before surgery  

14 (40.0%)

 

2 (25.0%)

 

0.680

Induction immunosuppression with basiliximab 11 (31.4%) 1 (12.5%) 0.522

Site involved

     Tracheobronchitis or bronchial anastomotic infection

     Pulmonary tissue

 

28 (68.6%)

 

11 (20.0%)

 

5 (62.5%)

 

3 (37.5%)

 

0.921

Type of transplant

     Single lung

     Bilateral lung

 

28 (80.0%)

7 (20.0%)

 

5 (62.5%)

3 (37.5%)

 

0.553

Outcome

     Death

 

14 (40.0%)

 

1 (12.5%)

 

0.289

Table 3 Clinical characteristics of LTRs with invasive aspergillosis infections due to polymicrobial invasion
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Patient
no.

Transplant
type

Microorganism

Outcome

Type of IA
infection

Onset

(days)

Treatment Prognosis

1 SL Aspergillus �avus,

Aspergillus fumigatus

IPA 58 VRC Alive

2 DL Aspergillus �avus,

Aspergillus nidulans 

TBA 102 VRC Anastomotic
stenosis,
alive

3 SL Aspergillus fumigatus,

Aspergillus niger,
Melanosporium

IPA+TBA 17 VRC+CAS Anastomotic

�stula, dead

4 SL Aspergillus �avus,

Candida krusei

IPA,
Candidemia

72 VRC+PSC Dead

5 DL Aspergillus �avus,

Scopulariopsis/Microascus

IPA 96 VRC+CAS Alive

6 SL Aspergillus �avus,

Aspergillus nidulans,

Aspergillus terreus

TBA 14 VRC Anastomotic

�stula, dead

SL, single lung; DL, double lung; TBA, tracheobronchial aspergillosis; IPA, invasive pulmonary aspergillosis;
VRC, voriconazole; PSC, posaconazole; CAS, caspofungin

Table 4  Outcomes of invasive Aspergillus infection with different antifungal therapies in lung transplant
recipients (N=43)
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Therapy regimen Total Pathogens Anastomotic
�stula

(n,%)

Anastomotic
stenosis (n,%)

Death

(n,%)

Monotherapy (n=36)

    VRC

 

36

 

 

Aspergillus �avus

>Aspergillus
fumigatus

>Aspergillus niger

 

8(22.2%)

 

8(22.2%)

 

11(30.6%)

Combination therapy
(n=7)

    VRC + CAS

 

 

    VRC + PSC

 

 

5

 

 

2

 

 

Aspergillus �avus

>Aspergillus
fumigatus

>Aspergillus niger

Aspergillus �avus

 

 

 

1(14.3%)

 

 

0

 

 

2(28.6%)

 

 

0

 

 

2(28.6%)

 

 

2(28.6%)

VRC, voriconazole; PSC, posaconazole; CAS, caspofungin; , meaning a higher detection rate of the former
pathogen

Figures



Page 18/18

Figure 1

Composition of 37 Aspergillus strains detected in 32 recipients with "proven" or "probable" invasive
aspergillosis infection posttransplantation.

Figure 2

Invasive aspergillus infection at a bronchial anastomotic site caused by Asp. �avus in a 68-year-old man who
presented with dry cough 2 months after left single lung transplant for hypersensitivity pneumonitis.


