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ABSTRACT

Background: The timeline of infections after lung transplantation has been changed 
with the introduction of new immunosuppressants and prophylaxis strategies. The study 
aimed to investigate the epidemiological characteristics of infectious diseases after lung 
transplantation in the current era.
Materials and Methods: All patients who underwent lung or heart–lung transplantation at 
our institution between October 29, 2008 and April 3, 2019 were enrolled. We retrospectively 
reviewed the patients' medical records till April 2, 2020.
Results: In total, 100 consecutive lung transplant recipients were enrolled. The median 
follow-up period was 28 months after lung transplantation. A total of 127 post–lung 
transplantation bacterial infections occurred. Catheter-related bloodstream infection 
(25/84, 29.8%) was the most common within 6 months and pneumonia (23/43, 53.5%) 
was the most common after 6 months. Most episodes (35/40, 87.5%) of respiratory viral 
infections occurred after 6 months, mainly as upper respiratory infections. The remaining 
episodes (5/40, 12.5%) mostly manifested as lower respiratory tract infections. Seventy 
cytomegalovirus infections observed in 43 patients were divided into 23 episodes occurring 
before and 47 episodes occurring after discontinuing prophylaxis. Of 10 episodes of 
cytomegalovirus disease, four occurred during prophylaxis and six occurred after prophylaxis. 
Of 23 episodes of post–lung transplantation fungal infection, 7 were aspergillosis and all 
occurred after the discontinuation of prophylaxis.
Conclusion: Lung transplant recipients experienced a high burden of infection even after 6 
months, especially after the end of the prophylaxis period. Therefore, these patients should 
be continued to be monitored long-term for infectious disease.
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INTRODUCTION

Infectious diseases are a major cause of early and late deaths after lung transplantation (LT) 
[1]. Post-LT infectious diseases generally follow a predictable time to onset [2], but with new 
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potent immunosuppression strategies and more effective prophylactic antibiotic agents, 
the frequencies and temporal patterns of infections after LT have changed [3]. In addition, 
compared with other solid organ transplants, LT has a higher posttransplant infection rate 
[4], which is characterized by a higher multidrug-resistant (MDR) bacterial infection rate [5], 
a higher cytomegalovirus (CMV) infection burden [6], and a higher invasive fungal infection 
rate, particularly invasive aspergillosis [7]. Prophylactic duration of CMV infection in LT 
recipients is usually from 6 months to more than 1 year according to CMV seropositivity, 
but it is still controversial because of the occurrence of late-onset CMV diseases [8]. Many 
LT centers have generally used prophylactic strategies targeting Aspergillus species, but the 
optimal antifungal agent and duration of prophylaxis are still unclear [9].

Therefore, it is important to know the epidemiological changes of infectious diseases after 
LT and the pattern of infectious diseases during and after the prophylaxis periods to prevent 
and treat infections after LT. Relatively few studies have assessed recent changes of post-LT 
infections [10]. One study reported the recent burden and timeline of infectious diseases 
during the first year after transplantation in 2,761 solid organ recipients in Switzerland [4], 
but it was limited to understanding the difference between during and after prophylaxis of 
each infectious disease. Some studies have reported the incidence of certain infections after 
LT, but they only estimated the relative incidence and frequency of certain pathogens [7, 11]. 
Therefore, we investigated the epidemiological characteristics of clinically relevant infections 
after LT and the changes during and after the prophylaxis through comprehensive and 
consistent long-term follow-up over the past decade.

MATERIALS AND METHODS

1. Patient population
The study population consisted of all patients who received lung or heart–lung 
transplantation at our institution between October 29, 2008 and April 3, 2019. Data were 
censored at death, loss of follow-up, or April 2, 2020. We retrospectively reviewed the medical 
records of all patients. The immunosuppressive regimen consisted of induction therapy with 
basiliximab and triple therapy with tacrolimus, mycophenolate mofetil, and prednisone. 
Tacrolimus was given to a target trough level of 10 - 15 ng/mL for the first 6 months and 8 - 
12 ng/mL thereafter. This study was approved by the institutional review board of the Asan 
Medical Center (2020-0994).

2. Pre-transplant screening
Before the LT procedure, recipient and donor sputum samples were cultured for bacteria, 
mycobacteria, and fungi. We also performed serological tests in recipients and donors for 
herpes viruses, hepatitis viruses (hepatitis A, B, and C), and human immunodeficiency virus. 
Latent tuberculosis was screened by the tuberculin skin test and QuantiFERON-TB Gold test 
(Cellestis, Carnegie, Australia) in recipients.

LT candidates without hepatitis A or B antibodies were vaccinated before transplantation. All 
LT candidates and recipients were recommended to receive annual influenza vaccinations. 
Since April 2010, a 13-valent protein-conjugated pneumococcal vaccine was used for priming 
before LT, followed 8 weeks later by a 23-valent polysaccharide vaccine.
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3. Prophylaxis strategies
Antibacterial prophylaxis was guided by donor and recipient sputum cultures and cefepime 
was administered intravenously for patients who were sputum culture negative. Regardless 
of the CMV serostatus of recipients and donors, intravenous ganciclovir was given for 
antiviral prophylaxis at a dosage of 5 mg/kg every 24 hours for 4 weeks after the LT. Oral 
valganciclovir was administered at a dosage of 900 mg once daily up to 6 months thereafter. 
CMV viremia was monitored regularly at 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 20, and 24 weeks after 
LT, and then monthly or bi-monthly untill 1 year after LT. We changed the CMV monitoring 
method from CMV antigenemia (Chemicon, Temecula, CA, USA) to quantitative real-time 
polymerase chain reaction (Abbott Molecular Inc., Des Plaines, IL, USA) in June 2017. After 
the prophylaxis period, asymptomatic patients with more than 20 antigen-positive cells or 
viral load of more than 5,000 IU/mL were preemptively treated until clearance of CMV viral 
load (at least 2 weeks).

Voriconazole was administered intravenously at a dosage of 4 mg/kg every 12 hours for 
antifungal prophylaxis, and the target trough level was 1.5 to 5.5 mg/dL. We changed to 
oral voriconazole when the recipient was able to resume a normal diet. If voriconazole 
was poorly tolerated or adverse effects occurred, it was replaced by itraconazole. The total 
duration of antifungal prophylaxis was 6 months. Galactomannan (Platalia Aspergillus; 
Bio-Rad, Hercules, CA, USA) assays were performed regularly at 1, 2, 3, 4, 6, 8, 10, 12, 
14, 16, 20, and 24 weeks after LT, and then monthly or bi-monthly until 1 year after LT. 
Patients with 0.5 or greater optical density index of galactomannan assay were followed up 
more frequently (weekly or bi-weekly). If two consecutive positive galactomannan assays 
were seen, thoracic computed tomography scanning was performed for the patient. Oral 
trimethoprim/sulfamethoxazole (160/800 mg) was administered every other day for lifetime 
Pneumocystis jirovecii pneumonia prevention. If intolerable adverse effects of trimethoprim/
sulfamethoxazole were seen, it was changed to dapsone.

4. Clinical definitions
The definitions of bacterial, viral, and fungal infections are based on the recommendations 
of the American Society of Transplantation [12]. Bloodstream infections were defined as 
primary when the focus could not be defined. Catheter-related bloodstream infections were 
defined as follows: positive simultaneous blood cultures from the central venous catheter and 
peripheral vein yielding the same organism along with either (1) the presence of significant 
catheter-tip colonization with 15 colony-forming units or more of the same organism 
isolated from the blood culture or (2) when the blood culture drawn through the central 
venous catheter became positive at least 120 minutes earlier than a positive culture drawn 
simultaneously from a peripheral vein [13].

Rejection was diagnosed via biopsy and classified according to the International Society for 
Heart and Lung Transplantation guidelines [14]. Pulmonary function tests were performed 
at every outpatient visit (every 1 - 3 months) for diagnosis and functional grading of 
chronic airway rejection. Chronic lung allograft dysfunction was diagnosed as a persistent 
decline in forced expiratory volume in 1 second of at least 20% compared with the two best 
postoperative values, in the absence of other causes [15].
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RESULTS

A total of 100 consecutive patients were enrolled in this study (88 bilateral lung and 11 heart–
lung transplantation from deceased donors and 1 living donor lobar LT from her parents). 
The median follow-up period was 28 months (interquartile range [IQR], 13 - 60 months) after 
LT. Table 1 shows the demographic and clinical characteristics of these patients. The median 
age of the patients was 51 years (IQR, 31 - 60 years), and the study series included 15 pediatric 
patients (age range, 1 - 16 years). The most common reason for LT was interstitial lung disease 
(58%). Most of the recipients (97%) and donors (96%) were seropositive for CMV before the 
LT. Antiviral prophylaxis was prematurely terminated in 37 patients (median duration, 84 days; 
range, 14 - 160 days), antifungal prophylaxis was prematurely terminated in 14 patients (median 
duration, 45 days; range, 6 - 130 days), and anti-pneumocystis prophylaxis was prematurely 
terminated in 15 patients (median duration, 151 days; range, 29 - 768 days). A total of 33 LT 
recipients died, and 21 recipients had infection-related mortality. The survival rates using the 
Kaplan-Meier method were 78%, 67%, and 63% at 1 year, 3 years, and 5 years, respectively.
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Table 1. Demographic and clinical characteristics of the study population
Characteristics n = 100
Median age, years (interquartile range) 51 (31 – 60)
Male sex 66
Disease leading to transplantation

Interstitial lung disease 58
Bronchiolitis obliterans 13
Acute respiratory distress syndrome 11
Pulmonary hypertension 6
Cystic fibrosis 2
Bronchiectasis 2
Chronic obstructive pulmonary disease 1
Others 7

Transplantation type
Bilateral lung 88
Heart–lung 11
Living donor lobar lung 1

Cytomegalovirus seropositivity
Recipient 97
Donor 96

Premature termination of antiviral prophylaxis 37
Leukopenia 25
Thrombocytopenia 16
Others 2

Premature termination of antifungal prophylaxis 14
Elevation of hepatic enzymes 6
Hallucination 3
Drug interaction 2
Others 3

Premature termination of antipneumocystis prophylaxis 15
Elevation of creatinine 4
Hyperkalemia 2
Hyponatremia 2
Leukopenia 1
Thrombocytopenia 2
Others 4

Acute rejection 9
Chronic lung allograft dysfunction 12
Infection-related mortality 21
Overall mortality 33
Data are numbers of patients, unless otherwise indicated.
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1. Bacterial infections
A total of 127 episodes of post-LT bacterial infections were observed in the 57 patients during 
the study period. Thirty-one (24.4%) occurred within 1 month of the LT, 53 (41.7%) between 
1 and 6 months, and 43 (33.9%) after 6 months (Table 2). Catheter-related bloodstream 
infection was the most common bacterial infection within 1 month of LT (8 out of 31 episodes, 
25.8%) and between 1 and 6 months (17 out of 53, 32.1%). Pneumonia was the most common 
bacterial infection after 6 months (23 out of 43, 53.5%). Mycoplasma pneumoniae was only 
observed at 6 months after LT. MDR bacteria, such as methicillin-resistant staphylococci, 
vancomycin-resistant enterococci, and carbapenem-resistant or extended-spectrum 
ß-lactamase producing gram-negative bacilli, were frequently involved (84 out of 127 episodes, 
66.1%) in these infections. Most Pseudomonas aeruginosa (23 out of 31 episodes, 74.2%) and 
Acinetobacter baumannii (27 out of 29, 93.1%) infections were associated with carbapenem-
resistant organisms. Among the 100 LT recipients, 24 already had respiratory colonization 
with carbapenem-resistant P. aeruginosa (8 out of 24, 33.3%) or A. baumannii (17 out of 24, 
70.8%). The incidence of bacterial pneumonia was not different between those colonized and 
not colonized (6 out of 24, [25.0%] vs. 21 out of 76, [27.6%]; P = 0.80 by the χ2 test).
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Table 2. Bacterial infections after lung transplantation in the study population
Time-to-occurrence (number of episodes) <1 month (n = 31) 1 – 6 months (n = 53) >6 months (n = 43) Total (n = 127)
Primary bacteremia 3 (9.7) 3 (5.7) 1 (2.3) 7 (5.5)

Staphylococcus aureus 1 - - 1
Enterococcus faecium - - 1 1
Pseudomonas aeruginosa 1 - - 1
Acinetobacter baumannii 1 2 - 3
Stenotrophomonas maltophilia - 1 - 1

CRBSI 8 (25.8) 17 (32.1) 11 (25.6) 36 (28.3)
Staphylococcus aureus - - 1 1
Coagulase-negative staphylococci 2 8 5 15
Enterococcus faecium 3 - 1 4
Corynebacterium species - - 1 1
Klebsiella pneumoniae 1 - 2 3
Pseudomonas aeruginosa - 2 - 2
Acinetobacter baumannii 3 6 1 10
Burkholderia cepacia - 1 1 2

Pneumonia 8 (25.8) 12 (22.6) 23 (53.5) 44 (34.6)
Staphylococcus aureus 2 1 1 4
Streptococcus pneumoniae - - 1 1
Klebsiella pneumoniae 1 1 2 4
Enterobacter cloacae - 1 - 1
Pseudomonas aeruginosa 1 9 10 20
Acinetobacter baumannii 4 2 7 13
Stenotrophomonas maltophilia - - 2 2
Chryseobacterium species - 1 - 1
Burkholderia cepacia 1 - 1 2
Mycoplasma pneumoniae - - 2 2

Empyema 7 (22.6) 2 (3.8) 1 (2.3) 10 (7.9)
Staphylococcus aureus 2 1 - 3
Coagulase-negative Staphylococci 2 - - 2
Enterococcus faecium 2 - - 2
Klebsiella pneumoniae - 1 - 1
Pseudomonas aeruginosa - - 1 1
Acinetobacter baumannii 1 - - 1
Burkholderia cepacia 1 - - 1

(continued to the next page)
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2. Mycobacterial infections
Ten patients received a 3-month course of isoniazid and rifampin or a 9-month course 
of isoniazid for latent tuberculosis infection before LT. There was no episode of active 
tuberculosis after LT. In one recipient with pneumoconiosis, active pulmonary tuberculosis 
was revealed by the pathology and tissue culture of recipient's own lung biopsy immediately 
after LT. One recipient developed Mycobacterium abscessus lung disease at 3.5 years after LT.

3. Viral infections
Most episodes of respiratory viral infections (35 out of 40, 87.5%) occurred at 6 months 
after LT (Table 3). Seventy-four percent of these were upper respiratory tract infections in 
this period. Whereas four of five episodes within 6 months (one within 1 month and three 
between 1 and 6 month) were pneumonia resulting from respiratory syncytial virus, influenza 
virus or coronavirus.

Seven episodes of varicella-zoster virus infections were observed in six patients. One 
patient developed herpes zoster on his arm three weeks after LT while taking prophylactic 
valganciclovir. The six other episodes occurred at 6 months after LT (four herpes zoster, 
one meningitis, and one chicken pox). Epstein-Barr virus-associated posttransplant 
lymphoproliferative disorders occurred in two pediatric patients at 5.5 months and 18 months 
after LT. Epstein-Barr virus hepatitis occurred in one adult patient at 19 months after LT.

A total of 70 episodes of post-LT CMV infections were observed in the 43 patients during 
the study period (Table 4). During antiviral prophylaxis, 19 episodes of breakthrough 
asymptomatic CMV viremia occurred within a median of 9 days after LT (range, 1 - 60 days). 
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Time-to-occurrence (number of episodes) <1 month (n = 31) 1 – 6 months (n = 53) >6 months (n = 43) Total (n = 127)
Bronchial mass - 1 (1.9) - 1 (0.8)

Actinomyces odontolyticus - 1 - 1
Biliary infection - 5 (9.4) 3 (7.0) 8 (6.3)

Enterococcus faecium - 2 1 3
Corynebacterium species - 1 - 1
Escherichia coli - 1 - 1
Pseudomonas aeruginosa - 2 2 4

Pancreas pseudocyst infection - 1 (1.9) - 1 (0.8)
Pseudomonas aeruginosa - 1 - 1

Peritonitis, CAPD - 1 (1.9) - 1 (0.8)
Enterococcus faecium - 1 - 1

Colitis, Clostridioides difficile 2 (6.5) 5 (9.4) 3 (7.0) 10 (7.9)
Urinary tract infection 1 (3.2) 2 (3.8) - 3 (2.4)

Enterococcus faecium - 1 - 1
Escherichia coli 1 - - 1
Pseudomonas aeruginosa - 1 - 1

Wound infection 2 (6.5) 2 (3.8) - 4 (3.1)
Staphylococcus aureus 1 - - 1
Coagulase-negative Staphylococci - 1 - 1
Klebsiella pneumoniae - 1 - 1
Stenotrophomonas maltophilia 1 - - 1

Pressure sore, infected, grade 3 - 2 (3.8) 1 (2.3) 3 (2.4)
Escherichia coli - 1 - 1
Pseudomonas aeruginosa - 1 - 1
Acinetobacter baumannii - 1 1 2
Burkholderia cepacia - 1 - 1

Data are numbers (%) of episodes. One episode could be polymicrobial infection.
CRBSI, catheter-related bloodstream infection; CAPD, continuous ambulatory peritoneal dialysis.

Table 2. (Continued) Bacterial infections after lung transplantation in the study population
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Four gastrointestinal CMV diseases occurred during prophylaxis. These included two proven 
and two possible CMV diseases [16], all of which were gastrointestinal CMV disease. After 
the end of prophylaxis, 41 episodes of asymptomatic infection and six tissue invasive diseases 
occurred. Among 41 asymptomatic infections, 12 required preemptive therapy. There was no 
episode of CMV syndrome during the study period.

4. Fungal infections
A total of 23 episodes of post-LT fungal infections were observed in the 21 patients during 
the study period (Table 5). The most common fungal infection was candidiasis (12 out of 
23. 52.2%), including catheter-related candidemia. The incidence of invasive aspergillosis 
was 30.4% and that of invasive mucormycosis was 17.4%. Candidiasis was mainly caused by 
non-albicans Candida species (3 out of 4, 75%) during the antifungal prophylaxis and Candida 
albicans (4 out of 8, 50%) after the antifungal prophylaxis. During antifungal prophylaxis, 
three episodes of invasive mucormycosis occurred at 29, 37, and 85 days after LT. No episodes 
of invasive aspergillosis were observed. After the end of prophylaxis, seven episodes of 
invasive aspergillosis occurred within a median of 11 months after LT (range, 9 - 83 months).

DISCUSSION

In this study that comprehensively covers all clinically relevant infections over a 10-year 
period after LT in 100 patients, we found several important implications for direct patient 
care: (1) one-third of bacterial infections occurred more than 6 months after LT and MDR 
bacteria were frequently involved; (2) the minority of respiratory viral infections occurred 
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Table 3. Respiratory viral infections after lung transplantation in the study population
Time-to-occurrence (number of episodes) 1 month (n = 1) 1 – 6 months (n = 4) >6 months (n = 35) Total (n = 40)
Upper respiratory infectiona - 1 (25.0) 26 (74.3) 27 (67.5)

Influenza virus - - 9 9
Parainfluenza virus - 1 5 6
Rhinovirus - - 8 8
Respiratory syncytial virus - - 2 2
Metapneumovirus - - 2 2
Coronavirus - - 3 3
Adenovirus - - 1 1

Pneumoniab 1 (100) 3 (75.0) 9 (25.7) 13 (32.5)
Influenza virus - 1 3 4
Parainfluenza virus - - 2 2
Rhinovirus - - 4 4
Respiratory syncytial virus 1 1 2 4
Metapneumovirus - - 1 1
Coronavirus - 1 - 1

Data are numbers (%) of episodes.
aFour co-infected episodes, rhinovirus/influenza virus or parainfluenza virus or respiratory syncytial virus or adenovirus.
bThree co-infected episodes, two rhinovirus/parainfluenza virus and one influenza virus/respiratory syncytial virus.

Table 4. Cytomegalovirus infections during and after valganciclovir prophylaxis in the study population
Time-to-occurrence (number of episodes) During prophylaxis (n = 23) After prophylaxis (n = 47) Total (n = 70)
Asymptomatic infection 19 (82.6) 41 (87.2) 60 (85.7)

Preemptive therapy - 12 (25.5) 12 (17.1)
Tissue invasive disease 4 (17.4) 6 (12.8) 10 (14.3)

Gastrointestinal disease 4 (17.4) 4 (8.5) 8 (11.4)
Retinitis - 1 (2.1) 1 (1.4)
Pneumonia - 1 (2.1) 1 (1.4)

Data are numbers (%) of episodes.

https://icjournal.org


within 6 months, but most of them were lower respiratory tract infections; (3) several 
gastrointestinal CMV diseases occurred during the prophylaxis; and (4) there were no 
episodes of invasive aspergillosis observed during antifungal prophylaxis, but seven episodes 
of invasive aspergillosis occurred after the end of prophylaxis.

According to the traditional timeline, most episodes of bacterial infections were known to 
occur within the first month after transplantation [2], whereas we observed that two-thirds 
(96 out of 127) of the bacterial infections occurred after the first month of transplantation. 
In addition, more than half of the cases of pneumonia (23 out of 44), which was the most 
common bacterial infection, appeared to occur more than 6 months after transplantation. 
Over the past decades, most episodes of pneumonia that occurred within the first month 
after transplantation were generally recipient-derived, or were associated with technical 
complications of surgery. More tailored prophylactic antibiotic therapy has attributed to a 
decline in the rate of early pneumonia, and recent studies have demonstrated that more than 
half of the episodes occurred late after solid organ transplantation (>6 months) [17]. Our 
findings that 53.5% of the episodes were classified as late pneumonia were consistent with 
this trend.

Of the 127 post-LT bacterial infections observed, 84 (66.1%) were caused by MDR bacteria. 
The increased risk of early infection and colonization by MDR bacteria in LT recipients is 
well known [18, 19], and it is potentially due to several factors [20], including long-term 
hospitalization, recurrent intensive care unit admission, and requiring frequent invasive 
procedures, such as prolonged tracheal intubation or a central vascular catheter. We also 
found this high risk of MDR bacteria in LT recipients was maintained more than 6 months 
after the LT.

In accordance with previous studies [19], the incidence of bacterial pneumonia was not 
different between those colonized and not colonized with carbapenem-resistant P. aeruginosa 
or A. baumannii (25.0% vs. 27.6%; P=0.80). In contrast, some recent studies have reported 
that pretransplant airway bacterial colonization of recipients was an independent risk factor 
of post-LT pneumonia [21]. The effect of pretransplant colonization of MDR bacteria on 
the short- and long-term outcome of LT recipient is still under debate, so pretransplant 
colonization of MDR bacteria should not be an absolute contraindication for LT.
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Table 5. Fungal infections during and after voriconazole prophylaxis in the study population
Time-to-occurrence (number of episodes) During prophylaxis (n = 7) After prophylaxis (n = 16) Total (n = 23)
Candidiasis 4 (57.1) 8 (50.0) 12 (52.2)

Catheter-related candidemia 2 (28.6) 4 (25.0) 6 (26.1)
Oral thrush 1 (14.3) 1 (6.3) 3 (13.0)
Esophageal candidiasis - 1 (6.3) 1 (4.3)
Pancreas pseudocyst infection 1 (14.3) - 1 (4.3)
Wound infection - 1 (6.3) 1 (4.3)

Aspergillosis - 7 (43.8) 7 (30.4)
Invasive pulmonary, probable - 5 (31.3) 5 (21.7)
Colitis - 1 (6.3) 1 (4.3)
Sinusitis - 1 (6.3) 1 (4.3)

Mucormycosis 3 (42.9) 1 (6.3) 4 (17.4)
Bronchus, anastomosis site 1 (14.3) - 1 (4.3)
Pulmonary cavity 1 (14.3) - 1 (4.3)
Ecthyma gangrenosum, nose 1 (14.3) - 1 (4.3)
Rhinoorbitocerebral - 1 (6.3) 1 (4.3)

Data are numbers (%) of episodes.
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Respiratory virus infection after transplantation appeared in 2 different patterns 6 months 
after transplantation. Most (74.3%; 26 out of 35) of the respiratory viral infections that 
occurred more than 6 months after LT were presented as upper respiratory tract infections. 
On the other hand, 80% (4 out of 5) of the respiratory viral infections within 6 months 
were presented as pneumonia. This difference is likely related to the high concentration of 
immunosuppressive agents within 6 months after LT [22].

During the study period, 10 (10.0%) of the 100 CMV seropositive LT recipients developed 
CMV disease. This was notably higher than the incidence of CMV disease in kidney transplant 
recipients (4%, 15 out of 370) or heart transplant recipients (7%, 8 out of 108) reported in 
our previous studies [23, 24]. In addition, there were four episodes with breakthrough CMV 
disease during prophylaxis. All of these cases were gastrointestinal CMV disease (two were 
possible and two were proven disease) [16]. Therefore, even if CMV prophylaxis was being 
performed in LT recipients, the invasive tests (e.g., endoscopic examination) had to be 
performed when CMV disease was suspected.

Interestingly, all cases of invasive aspergillosis occurred after the discontinuation of 
antifungal prophylaxis, and more than half of them (4 out of 7, 57%) developed within 6 to 
12 months after LT. The high number of cases of delayed invasive aspergillosis that occurred 
after completion of the prophylactic voriconazole administration indicated continued 
postoperative antifungal prophylaxis for 12 months, but the invasive mucormycosis could not 
be prevented. As an alternative, it would be possible to consider changing the prophylactic 
antifungal agents from voriconazole to delayed-release posaconazole. However, there was 
a concern about MDR invasive fungal infections in patients receiving prophylaxis with 
posaconazole. In fact, a cross-sectional study that surveyed the 27 active LT centers in the 
United States showed that posaconazole was used as a prophylactic antifungal agent in only 
5% of cases [9].

The main limitation of this study was its small-scale patient cohort in a single-center and its 
retrospective analysis. Another limitation was that only microbiologically proven infections 
were included, thus difficult-to-authenticate infections or self-limiting viral infections might 
have been underestimated.

In summary, we analyzed the epidemiology of infectious diseases that occurred after LT in 
100 patients over 10 years of long-term follow-up. Most of the cases observed corresponded 
to the traditional timeline of infection after organ transplantation, but infectious diseases 
frequently occurred at a high rate of incidence even 6 months after transplant and were 
characterized as distinctive features during and after discontinuation of prophylactic 
antibiotics. Therefore, it was necessary to continue long-term monitoring and follow-up for 
various infectious diseases even after transplantation, especially after the end of preventive 
antibiotic administration. Such efforts would be helpful to improve the long-term outcome of 
LT recipients.

ACKNOWLEDGMENTS

We thank the lung transplantation team at Asan Medical Center, particularly In-Ok Kim, RN, 
for their invaluable assistance with this study.

608https://icjournal.org https://doi.org/10.3947/ic.2020.52.4.600

Infections after Lung Transplantation

https://icjournal.org


REFERENCES

 1. U.S. Department of Health & Human Services. ORTN (Organ procurement and transplantation network) 
/ SRTR (Scientific registry of transplant recipients) 2018 annual data report: lung. Available at: https://srtr.
transplant.hrsa.gov/annual _reports/2018/Lung.aspx#LU_75_tx_adult_cod1Y_1_b64. Accessed 24 May 2020.

 2. Fishman JA, Rubin RH. Infection in organ-transplant recipients. N Engl J Med 1998;338:1741-51. 
PUBMED | CROSSREF

 3. Fishman JA. Infection in solid-organ transplant recipients. N Engl J Med 2007;357:2601-14. 
PUBMED | CROSSREF

 4. van Delden C, Stampf S, Hirsch HH, Manuel O, Meylan P, Cusini A, Hirzel C, Khanna N, Weisser M, 
Garzoni C, Boggian K, Berger C, Nadal D, Koller M, Saccilotto R, Mueller NJ; Swiss Transplant Cohort 
Study. Burden and timeline of infectious diseases in the first year after solid organ transplantation in the 
Swiss transplant cohort study. Clin Infect Dis 2020;71:e159-69. 
PUBMED | CROSSREF

 5. Lanini S, Costa AN, Puro V, Procaccio F, Grossi PA, Vespasiano F, Ricci A, Vesconi S, Ison MG, Carmeli 
Y, Ippolito G; Donor-Recipient Infection (DRIn) Collaborative Study Group. Incidence of carbapenem-
resistant gram negatives in Italian transplant recipients: a nationwide surveillance study. PLoS One 
2015;10:e0123706. 
PUBMED | CROSSREF

 6. Hakimi Z, Aballéa S, Ferchichi S, Scharn M, Odeyemi IA, Toumi M, Saliba F. Burden of cytomegalovirus 
disease in solid organ transplant recipients: a national matched cohort study in an inpatient setting. 
Transpl Infect Dis 2017;19. [Epub ahead of print].
PUBMED | CROSSREF

 7. Hosseini-Moghaddam SM, Ouédraogo A, Naylor KL, Bota SE, Husain S, Nash DM, Paterson JM. 
Incidence and outcomes of invasive fungal infection among solid organ transplant recipients: A 
population-based cohort study. Transpl Infect Dis 2020;22:e13250. 
PUBMED | CROSSREF

 8. Beam E, Lesnick T, Kremers W, Kennedy CC, Razonable RR. Cytomegalovirus disease is associated 
with higher all-cause mortality after lung transplantation despite extended antiviral prophylaxis. Clin 
Transplant 2016;30:270-8. 
PUBMED | CROSSREF

 9. He SY, Makhzoumi ZH, Singer JP, Chin-Hong PV, Arron ST. Practice variation in Aspergillus prophylaxis and 
treatment among lung transplant centers: a national survey. Transpl Infect Dis 2015;17:14-20. 
PUBMED | CROSSREF

 10. Yun JH, Lee SO, Jo KW, Choi SH, Lee J, Chae EJ, Do KH, Choi DK, Choi IC, Hong SB, Shim TS, Kim HR, 
Kim DK, Park SI. Infections after lung transplantation: time of occurrence, sites, and microbiologic 
etiologies. Korean J Intern Med 2015;30:506-14. 
PUBMED | CROSSREF

 11. Sweet SC, Chin H, Conrad C, Hayes D Jr, Heeger PS, Faro A, Goldfarb S, Melicoff-Portillo E, 
Mohanakumar T, Odim J, Schecter M, Storch GA, Visner G, Williams NM, Kesler K, Danziger-Isakov L. 
Absence of evidence that respiratory viral infections influence pediatric lung transplantation outcomes: 
Results of the CTOTC-03 study. Am J Transplant 2019;19:3284-98. 
PUBMED | CROSSREF

 12. Humar A, Michaels M; AST ID Working Group on Infectious Disease Monitoring. American Society of 
Transplantation recommendations for screening, monitoring and reporting of infectious complications 
in immunosuppression trials in recipients of organ transplantation. Am J Transplant 2006;6:262-74. 
PUBMED | CROSSREF

 13. Raad I, Hanna HA, Alakech B, Chatzinikolaou I, Johnson MM, Tarrand J. Differential time to positivity: a 
useful method for diagnosing catheter-related bloodstream infections. Ann Intern Med 2004;140:18-25. 
PUBMED | CROSSREF

 14. Stewart S, Fishbein MC, Snell GI, Berry GJ, Boehler A, Burke MM, Glanville A, Gould FK, Magro C, 
Marboe CC, McNeil KD, Reed EF, Reinsmoen NL, Scott JP, Studer SM, Tazelaar HD, Wallwork JL, Westall 
G, Zamora MR, Zeevi A, Yousem SA. Revision of the 1996 working formulation for the standardization of 
nomenclature in the diagnosis of lung rejection. J Heart Lung Transplant 2007;26:1229-42. 
PUBMED | CROSSREF

 15. Verleden GM, Raghu G, Meyer KC, Glanville AR, Corris P. A new classification system for chronic lung 
allograft dysfunction. J Heart Lung Transplant 2014;33:127-33. 
PUBMED | CROSSREF

609https://icjournal.org https://doi.org/10.3947/ic.2020.52.4.600

Infections after Lung Transplantation

http://www.ncbi.nlm.nih.gov/pubmed/9624195
https://doi.org/10.1056/NEJM199806113382407
http://www.ncbi.nlm.nih.gov/pubmed/18094380
https://doi.org/10.1056/NEJMra064928
http://www.ncbi.nlm.nih.gov/pubmed/31915816
https://doi.org/10.1093/cid/ciz1113
http://www.ncbi.nlm.nih.gov/pubmed/25835018
https://doi.org/10.1371/journal.pone.0123706
http://www.ncbi.nlm.nih.gov/pubmed/28599091
https://doi.org/10.1111/tid.12732
http://www.ncbi.nlm.nih.gov/pubmed/31981389
https://doi.org/10.1111/tid.13250
http://www.ncbi.nlm.nih.gov/pubmed/26701733
https://doi.org/10.1111/ctr.12686
http://www.ncbi.nlm.nih.gov/pubmed/25620387
https://doi.org/10.1111/tid.12337
http://www.ncbi.nlm.nih.gov/pubmed/26161017
https://doi.org/10.3904/kjim.2015.30.4.506
http://www.ncbi.nlm.nih.gov/pubmed/31216376
https://doi.org/10.1111/ajt.15505
http://www.ncbi.nlm.nih.gov/pubmed/16426310
https://doi.org/10.1111/j.1600-6143.2005.01207.x
http://www.ncbi.nlm.nih.gov/pubmed/14706968
https://doi.org/10.7326/0003-4819-140-1-200401060-00007
http://www.ncbi.nlm.nih.gov/pubmed/18096473
https://doi.org/10.1016/j.healun.2007.10.017
http://www.ncbi.nlm.nih.gov/pubmed/24374027
https://doi.org/10.1016/j.healun.2013.10.022
https://icjournal.org


 16. Ljungman P, Boeckh M, Hirsch HH, Josephson F, Lundgren J, Nichols G, Pikis A, Razonable RR, Miller 
V, Griffiths PD; Disease Definitions Working Group of the Cytomegalovirus Drug Development Forum. 
Definitions of cytomegalovirus infection and disease in transplant patients for use in clinical trials. Clin 
Infect Dis 2017;64:87-91. 
PUBMED | CROSSREF

 17. Giannella M, Muñoz P, Alarcón JM, Mularoni A, Grossi P, Bouza E; PISOT study group. Pneumonia in 
solid organ transplant recipients: a prospective multicenter study. Transpl Infect Dis 2014;16:232-41. 
PUBMED | CROSSREF

 18. Tebano G, Geneve C, Tanaka S, Grall N, Atchade E, Augustin P, Thabut G, Castier Y, Montravers P, 
Desmard M. Epidemiology and risk factors of multidrug-resistant bacteria in respiratory samples after 
lung transplantation. Transpl Infect Dis 2016;18:22-30. 
PUBMED | CROSSREF

 19. Riera J, Caralt B, López I, Augustin S, Roman A, Gavalda J, Rello J; Vall d'Hebron Lung Transplant 
Study Group. Ventilator-associated respiratory infection following lung transplantation. Eur Respir J 
2015;45:726-37. 
PUBMED | CROSSREF

 20. Silva JT, Fernández-Ruiz M, Aguado JM. Multidrug-resistant Gram-negative infection in solid organ 
transplant recipients: implications for outcome and treatment. Curr Opin Infect Dis 2018;31:499-505. 
PUBMED | CROSSREF

 21. Konishi Y, Miyoshi K, Kurosaki T, Otani S, Sugimoto S, Yamane M, Oto T, Toyooka S. Airway bacteria of 
the recipient but not the donor are relevant to post-lung transplant pneumonia. Gen Thorac Cardiovasc 
Surg 2020;68:833-40. 
PUBMED | CROSSREF

 22. Bridevaux PO, Aubert JD, Soccal PM, Mazza-Stalder J, Berutto C, Rochat T, Turin L, Van Belle S, Nicod L, 
Meylan P, Wagner G, Kaiser L. Incidence and outcomes of respiratory viral infections in lung transplant 
recipients: a prospective study. Thorax 2014;69:32-8. 
PUBMED | CROSSREF

 23. Park SY, Kim YH, Han DJ, Park SK, Park JS, Sung H, Park HJ, Kim SH, Choi SH, Kim YS, Woo JH, Lee SO. 
Efficacy of a strategy for discontinuing pre-emptive ganciclovir therapy after a negative cytomegalovirus 
antigenaemia test result in seropositive kidney transplant recipients. J Antimicrob Chemother 
2013;68:1209-11. 
PUBMED | CROSSREF

 24. Lee SO, Rim JH, Sung H, Kim SH, Choi SH, Lee CW, Yun TJ, Lee JW, Woo JH, Kim YS, Kim JJ. Comparison 
of higher dose and lower dose ganciclovir for cytomegalovirus prophylaxis in seropositive heart transplant 
recipients. Transpl Infect Dis 2010;12:31-7. 
PUBMED | CROSSREF

610https://icjournal.org https://doi.org/10.3947/ic.2020.52.4.600

Infections after Lung Transplantation

http://www.ncbi.nlm.nih.gov/pubmed/27682069
https://doi.org/10.1093/cid/ciw668
http://www.ncbi.nlm.nih.gov/pubmed/24593292
https://doi.org/10.1111/tid.12193
http://www.ncbi.nlm.nih.gov/pubmed/26455730
https://doi.org/10.1111/tid.12471
http://www.ncbi.nlm.nih.gov/pubmed/25359351
https://doi.org/10.1183/09031936.00095214
http://www.ncbi.nlm.nih.gov/pubmed/30299353
https://doi.org/10.1097/QCO.0000000000000488
http://www.ncbi.nlm.nih.gov/pubmed/31848904
https://doi.org/10.1007/s11748-019-01273-6
http://www.ncbi.nlm.nih.gov/pubmed/24025442
https://doi.org/10.1136/thoraxjnl-2013-203581
http://www.ncbi.nlm.nih.gov/pubmed/23325752
https://doi.org/10.1093/jac/dks524
http://www.ncbi.nlm.nih.gov/pubmed/19843292
https://doi.org/10.1111/j.1399-3062.2009.00450.x
https://icjournal.org

	Infections in Lung Transplant Recipients during and after Prophylaxis
	INTRODUCTION
	Materials AND METHODS
	2. Pre-transplant screening
	3. Prophylaxis strategies
	4. Clinical definitions

	RESULTS
	1. Bacterial infections
	2. Mycobacterial infections
	3. Viral infections
	4. Fungal infections

	DISCUSSION
	REFERENCES


