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INTRODUCTION

Lung transplantation (LT) is an accepted treatment op-
tion in patients with end-stage lung disease. After the 
first LT procedure in 1983, 47,647 adult lung and 3,772 
adult heart-lung transplantations had been performed 
world-wide up to June 2013 [1]. LT recipients have a me-
dian survival of 5.7 years, with survival rates of 80% at 

1 year, 65% at 3 years, and 53% at 5 years [1]. According 
to the official report of the Korean Network for Organ 
Sharing, 230 LTs were performed from the first LT of 
1996 through November 2014 in Korea [2]. Survival rates 
of Korean LT recipients at the first, third, and fifth years 
are 48%, 39%, and 35%, respectively. 

The major causes of post-LT mortality are graft fail-
ure and infectious complications [1]. Infectious com-
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Background/Aims: Infections are major causes of both early and late death after 
lung transplantation (LT). The development of prophylaxis strategies has altered 
the epidemiology of post-LT infections; however, recent epidemiological data are 
limited. We evaluated infections after LT at our institution by time of occurrence, 
site of infections, and microbiologic etiologies.
Methods: All consecutive patients undergoing lung or heart-lung transplantation  
between October 2008 and August 2014 at our institution were enrolled. Cases of 
infections after LT were initially identified from the prospective registry data-
base, which was followed by a detailed review of the patients’ medical records.
Results: A total of 108 episodes of post-LT infections (56 bacterial, 43 viral, and 
nine fungal infections) were observed in 34 LT recipients. Within 1 month after 
LT, the most common bacterial infections were catheter-related bloodstream 
infections (42%). Pneumonia was the most common site of bacterial infection in 
the 2- to 6-month period (28%) and after 6 months (47%). Cytomegalovirus was 
the most common viral infection within 1 month (75%) and in the 2- to 6-month 
period (80%). Respiratory viruses were the most common viruses after 6 months 
(48%). Catheter-related candidemia was the most common fungal infection. Inva-
sive pulmonary aspergillosis developed after 6 months. Survival rates at the first 
and third years were 79% and 73%, respectively. 
Conclusions: Although this study was performed in a single center, we provide 
valuable and recent detailed epidemiology data for post-LT infections. A further 
multicenter study is required to properly evaluate the epidemiology of post-LT 
infections in Korea. 
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plications are major causes of both early and late death 
after LT [3,4]. It is important to know the epidemiology 
of post-LT infections to prevent and treat infections. 
Although infections after LT were described in reports 
from the 1990s [5,6], recent epidemiological data are 
limited [7]. The development of prophylaxis strategies 
has altered the epidemiology of post-LT infections and 
mortality. Therefore, we evaluated infections after LT at 
our institution by time of occurrence, site of infections, 
and microbiologic etiologies.

METHODS

Patient population
The study population consisted of all patients who re-
ceived lung or heart-lung transplantation between Oc-
tober 2008 and August 2014 at our institution. We have 
prospectively maintained a LT registry containing clin-
ical information on recipients/donors and continue to 
update it with new clinical information. Cases of in-
fections after LT were initially identified from the LT 
registry, which was followed by a detailed review of the 
patients’ medical records. The immunosuppressive reg-
imen consisted of induction therapy with basiliximab 
and triple therapy with tacrolimus, mycophenolate 
mofetil, and prednisone. Tacrolimus was given to a tar-
get trough level of 10 to 15 ng/mL for the first 6 months 
and 8 to 12 ng/mL thereafter. The study was approved by 
the Institutional Review Board of the hospital. 

Pretransplant screening
Prior to the LT procedure, recipient and donor sputum 
samples were cultured for bacteria, mycobacteria, and 
fungi. When Burkholderia cepacia complex was detected, 
we performed DNA sequencing to confirm the presence 
of B. cenocepacia. We also performed serologic tests in 
recipients and donors for herpesviruses (herpes simplex 
virus, varicella zoster virus, Epstein-Barr virus, and cy-
tomegalovirus), hepatitis viruses (hepatitis A, B, and C 
viruses), 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 prior to transplantation. Before LT, a 

13-valent protein-conjugated pneumococcal vaccine was 
used for priming, followed 8 weeks later by a 23-valent 
polysaccharide vaccine. All LT candidates and recipients 
were recommended to receive annual influenza vacci-
nations.

Prophylaxis strategies
Antimicrobial prophylaxis was guided by donor and re-
cipient sputum cultures and cefepime was intravenous-
ly administered for patients who were sputum culture 
negative. Regardless of the cytomegalovirus serostatus of 
recipients and donors, intravenous ganciclovir was given 
for antiviral prophylaxis at a dosage of 5 mg/kg every 24 
hours from 1 to 4 weeks after the LT. Oral valganciclovir 
was administered at a dosage of 900 mg once daily up 
to 6 months thereafter. Voriconazole was intravenously 
administered 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. If the recipient’s creatinine clearance 
level was less than 50 mL/min, intravenous caspofungin 
was temporarily administered as a single 70 mg dose 
followed every 24 hours by a 50 mg dose. We changed 
to oral voriconazole when the recipient was able to re-
sume a normal diet. If intolerable adverse effects of 
voriconazole were seen, voriconazole was changed to 
itraconazole. The total duration of antifungal prophy-
laxis was 6 months. Serum cytomegalovirus antigene-
mia (Chemicon, Temecula, CA, USA) and galactoman-
nan (Platelia 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. Oral trimethoprim/
sulfamethoxazole (160/800 mg) was administered every 
other day for lifetime Pneumocystis jirovecii pneumonia 
prevention.

Clinical definitions
The definitions of bacterial, viral, and fungal infections 
are based on the recommendations of the American 
Society of Transplantation [8]. 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 and (1) the presence of sig-
nificant catheter-tip colonization with 15 colony-form-
ing units or more of the same organism isolated from 
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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 [9].

Rejection was diagnosed via biopsy and classified by 
the International Society for Heart and Lung Trans-
plantation guidelines [10]. Simple spirometry tests were 
performed at every outpatient visit (every 1 to 3 months) 
for diagnosis and functional grading of chronic airway 
rejection (bronchiolitis obliterans syndrome). 

Mortality and survival rate
Early mortality was defined as death within 1 month 
after LT. Late mortality was defined as death after 1 
month. Survival rates using the Kaplan-Meier method 
were evaluated at 1 and 3 years after LT. 

RESULTS

A total of 34 consecutive patients were enrolled in this 
study (24 bilateral lung and 10 heart-lung transplant re-
cipients from deceased donors). The median length of 
the first hospital stay after LT was 55 days (interquartile 
range [IQR], 31 to 195). The median follow-up period was 
16 months (IQR, 7 to 36) after LT. Table 1 shows the de-
mographic and clinical characteristics of these patients. 
The median age of the patients was 46 years (IQR, 31 to 
56), and the study series included three pediatric pa-
tients (5, 11, and 16 years old). The most common reason 
for LT was interstitial lung disease (44%). All recipients 
were seropositive for cytomegalovirus prior to the LT. 
Antiviral prophylaxis was prematurely terminated in 13 
patients (38%; median duration of prophylaxis, 17 weeks; 
range, 4 to 23), antifungal prophylaxis in four patients 
(12%; median duration, 10 weeks; range, 6 to 21), and an-
tipneumocystis prophylaxis in three patients (9%; medi-
an duration, 10 weeks; range, 3 to 36). Rejection was diag-
nosed in three recipients (9%) during the study period. 
A total of 108 episodes of post-LT infections (56 bacteri-
al, 43 viral, and nine fungal infections) were observed in 
the 34 patients during the study period. 

Bacterial infections
Among 56 episodes of bacterial infections, 12 (21%) oc-
curred within 1 month of the LT, 25 (45%) in the 2- to 

Table 1. Demographic and clinical characteristics of the 34 
lung transplant recipients analyzed in this study

Characteristic No. (%)

Median age, yr (interquartile range)     46 (31–56)

Male sex 20 (59)

Disease leading to transplantation

Interstitial lung disease  15 (44)

Acute respiratory distress syndrome  9 (26)

Toxic  5 (15)

Pneumonia  3 (9)

Near drowning 1 (3)

Bronchiolitis obliterans after HSCT  4 (12)

Pulmonary hypertension 2 (6)

Lymphoagioleiomyomatosis 1 (3)

Cystic fibrosis 1 (3)

Bronchiectasis 1 (3)

Angiosarcoma 1 (3)

Transplantation type

Bilateral lung 24 (71)

Heart-lung 10 (29)

Cytomegalovirus seropositivity

Recipient   34 (100)

Donor 32 (94)

Premature termination of antiviral prophy-
laxis

 13 (38)

Leukopenia  9 (26)

Thrombocytopenia  6 (18)

Nausea 1 (3)

Premature termination of antifungal pro-
phylaxis

4 (12)

Elevation of hepatic enzymes 2 (6)

Visual hallucination 1 (3)

Nausea 1 (3)

Premature termination of antipneumocystis 
prophylaxis

3 (9)

Hyperkalemia 1 (3)

Leukopenia 1 (3)

Nausea 1 (3)

Rejection 3 (9)

Acute rejection 1 (3)

Chronic rejection 2 (6)

HSCT, hematopoietic stem cell transplantation.
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6-month period, and 19 (34%) after 6 months (Table 2). 
Within 1 month of the LT, the most common site of in-
fection was catheter-related bloodstream infections (5/12 
episodes, 42%). Pneumonia was the most common bac-
terial infection in the 2- to 6-month period (7/25, 28%) 
and after 6 months (9/19, 47%). Mycoplasma pneumonia 
was only observed at 6 months after LT. Polymicrobi-
al pneumonia was present in four episodes of bacterial 
pneumonia; three developed in the 2- to 6-month peri-
od and one developed after 6 months. In one episode, 
Acinetobacter baumannii, Pseudomonas aeruginosa, and in-
fluenza A virus were isolated from bronchoalveolar la-
vage fluid culture and multiplex reverse-transcription 
polymerase chain reaction (Seeplex RV 15 ACE Detection 
kit, Seegene, Seoul, Korea). No patient was co-infected 
with bacterial and fungal pneumonia.

Multidrug-resistant bacteria, such as methicillin-re-
sistant staphylococci, vancomycin-resistant enterococci, 
and carbapenem-resistant or extended-spectrum β-lact-
amase producing gram-negative bacilli, were frequently 
involved (37/56 episodes, 66%) in these infections. The 
Staphylococcus aureus and coagulase-negative staphylo-
cocci in our patients were all methicillin-resistant. All 
three episodes of Klebsiella pneumoniae infections in our 
study cohort were associated with multidrug-resistant 
organisms (two carbapenem-resistant and one extend-
ed-spectrum β-lactamase producing). Most P. aerugino-
sa (14/16 episodes, 88%) and Acinetobacter species (14/16, 
88%) infections were associated with carbapenem-resis-
tant organisms. 

Among the 34 LT recipients, 18 already had respiratory 
colonization with carbapenem-resistant P. aeruginosa, A. 
baumannii, or K. pneumoniae. Although bacterial infec-
tions were found to be significantly more common in 
those colonized than those not-colonized (14/18 [78%] vs. 
5/16 [31%], p = 0.006 by the chi-square test), mortality was 
not significantly different between the two groups (6/18 
[33%] vs. 2/16 [13%], p = 0.23 by the Fisher exact test).

Viral infections
Of the 43 episodes of viral infections in our patient se-
ries, 12 (28%) occurred within 1 month after LT, 10 (23%) 
in the 2- to 6-month period, and 21 (49%) after 6 months 
(Table 3). Cytomegalovirus was the most common viral 
infection within 1 month (9/12 episodes, 75%) and in the 
2- to 6-month period (8/10, 80%). All seven episodes of 

asymptomatic cytomegalovirus infections of the first 
period developed within 10 days (median, 7 days [range, 
1 to 10]). Two episodes of gastrointestinal diseases (oral/
perianal ulcers and colitis), without prior cytomegalo-
virus antigenemia, developed at 14 and 17 days after LT 
during the antiviral prophylaxis. Five of seven episodes 
(71%) of asymptomatic cytomegalovirus infections of 
the second period (2 to 6 months) developed in patients 
with premature termination of antiviral prophylaxis. 
Two episodes of cytomegalovirus diseases developed 
after 6 months. Pathologically proven cytomegalovirus 
pneumonia developed 8 months after LT in the one pa-
tient with acute rejection. An episode of cytomegalovi-
rus retinitis developed 13 months after LT. Epstein-Barr 
virus-related posttransplant lymphoproliferative disor-
ders developed in two of our pediatric recipients (at 5.5 
and 18 months after LT). 

Respiratory viruses were the most common viruses 
detected after 6 months (10/21, 48%). All 10 episodes of 
that period among our patients were upper respiratory 
tract infections, whereas two episodes within 6 months 
(one within 1 month and one in the 2- to 6-month peri-
od) were pneumonia due to respiratory syncytial and in-
fluenza viruses, respectively. Only one patient developed 
diarrhea due to rotavirus 2 years after LT. Rotavirus was 
transmitted to the patient from his two sons.

Fungal infections
Of the nine episodes of fungal infections in our study pa-
tients, one (11%) occurred within 1 month after LT, two 
(22%) in the 2- to 6-month period, and six (67%) after 6 
months (Table 4). One episode of catheter-related candi-
demia (Candida parapsilosis) of the first period developed 
on the day after the LT, before an adequate voriconazole 
concentration was achieved. A pancreas pseudocyst in-
fection (co-infection of Candida krusei and P. aerugino-
sa) developed 2 months after LT, despite the adequate 
voriconazole prophylaxis. All three episodes of cathe-
ter-related candidemia of the last period (after 6 months) 
were due to Candida albicans. No episodes of Aspergillus tra-
cheobronchitis were observed in our study cohort. Three 
episodes of probable invasive pulmonary aspergillosis de-
veloped at 7, 21, and 33 months after LT. None of the three 
patients had any episode of rejection, augmented immu-
nosuppression, or Aspergillus colonization before the de-
velopment of invasive pulmonary aspergillosis.
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Table 2. Bacterial infections after lung transplantation in the study cohort

Time-to-occurrence 
1 mon
(n = 12)

2–6 mon
(n = 25)

> 6 mon
(n = 19)

Total
(n = 56)

Primary bacteremia  2 (17) 2 (8) -  4 (7)

Staphylococcus aureus 1 - - 1

Acinetobacter baumannii 1 2 - 3

Catheter-related bloodstream infection   5 (42)   5 (20) 6 (32)  16 (29)

Coagulase-negative staphylococci 2 2 3 7

Enterococcus faecium - - 1 1

Corynebacterium species - - 1 1

Klebsiella pneumoniae  1a - 1a 2

Acinetobacter species 3 3 1 7

Pneumonia  2 (17)  7 (28) 9 (47) 18 (32)

S. aureus 1  1b - 2

K. pneumoniae - 1 - 1

Enterobacter cloacae -  1c - 1

A. baumannii 1  1d 3 5

Pseudomonas aeruginosa - 5 5 10

Stenotrophomonas maltophilia - - 1e 1

Chryseobacterium species - 1 - 1

Mycoplasma pneumoniae - - 1 1

Empyema  2 (17) 1 (4) - 3 (5)

S. aureus - 1 - 1

Coagulase-negative staphylococci 1 - - 1

Burkholderia cepacia 1 - - 1

Biliary infection -  4 (16)  3 (16)  7 (13)

E. faecium - 1 1 2

Corynebacterium species - 1 - 1

Escherichia coli - 1 - 1

P. aeruginosa - 1 2 3

Pancreas pseudocyst infection - 1 (4) - 1 (2)

P. aeruginosa -  1f - 1

Colitis, Clostridium difficile 1 (8)  3 (12) 1 (5)  5 (9)

Urinary tract infection - 1 (4) - 1 (2)

P. aeruginosa - 1 - 1

Pressure sore, infected, grade 3 - 1 (4) - 1 (2)

A. baumannii -  1g - 1

P. aeruginosa - 1 - 1

Values are presented as number (%) of episodes.
Co-infected episodes: aK. pneumoniae/A. baumannii, bS. aureus/Chryseobacterium species, cE. cloacae/P. aeruginosa, dA. baumannii/P. 
aeruginosa/influenza A virus, eA. baumannii/S. maltophilia, fP. aeruginosa/Candida krusei, gA. baumannii/P. aeruginosa.
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Table 3. Viral infections after lung transplantation in the study cohort

Time-to-occurrence
1 mon
(n = 12)

2–6 mon
(n = 10)

> 6 mon
(n = 21)

Total
(n = 43)

Herpesviruses  11 (92) 9 (90) 10 (48) 30 (70)

Cytomegalovirus  9 (75) 8 (80)  6 (29) 23 (53)

Asymptomatic infection 7 7 4 18

Gastrointestinal disease 2 1 - 3

Pneumonia - - 1 1

Retinitis - - 1 1

Varicella zoster, local disease 1 (8) -  3 (14) 4 (9)

Herpes simples, orolabial disease 1 (8) - - 1 (2)

Epstein-Barr virus, PTLD - 1 (10) 1 (5) 2 (5)

Respiratory virusesa 1 (8) 1 (10) 10 (48) 12 (28)

Influenza virus - 1 (10)  2 (10) 3 (7)

Pneumonia -  1b - 1

URI - - 2 2

Respiratory syncytial virus 1 (8) - 1 (5) 2 (5)

Pneumonia 1 - - 1

URI - - 1 1

Rhinovirus, URI - -  4 (19) 4 (9)

Parainfluenza virus, URI - -  2c (10) 2 (5)

Coronavirus, URI - -  2 (10) 2 (5)

Rotavirus, diarrhea - - 1 (5) 1 (2)

Values are presented as number (%) of episodes.
PTLD, post-transplant lymphoproliferative disorder; URI, upper respiratory tract infection.
aRespiratory viruses were detected from nasopharyngeal aspirates or bronchoalveolar lavage f luid using multiplex re-
verse-transcription polymerase chain reaction.
Co-infected episodes: bAcinetobacter baumannii/Pseudomonas aeruginosa/influenza A virus from bronchoalveolar lavage fluid, 
cRhinovirus and parainfluenza virus were co-infected in one episode.

Table 4. Fungal infections after lung transplantation in the study cohort

Time-to-occurrence
1 mon
(n = 1)

2–6 mon
(n = 2)

> 6 mon
(n = 6)

Total
(n = 9)

Candidiasis 1 (100) 2 (100) 3 (50) 6 (67)

Catheter-related candidemia 1 - 3 4

Pancreas pseudocyst infection - 1a - 1

Oral thrush - 1 - 1

Aspergillosis - - 3 (50) 3 (33)

IPA, probable - - 3 3

Values are presented as number (%) of episodes.
IPA, invasive pulmonary aspergillosis.
aPseudomonas aeruginosa/Candida krusei.

www.kjim.org


       

512 www.kjim.org

The Korean Journal of Internal Medicine Vol. 30, No. 4, July 2015

http://dx.doi.org/10.3904/kjim.2015.30.4.506

Outcomes of LT recipients
Of the 34 LT recipients in our series, eight patients (24%) 
died and six patients (18%) had infection-related mor-
tality (Table 5). Five patients (15%) died within 1 month 
after LT (septic shock in four patients and postopera-
tive bleeding in one patient). Carbapenem-resistant 
Acinetobacter species were identified in blood cultures of 
all septic shock patients (three catheter-related blood-
stream infections and one primary bacteremia). Prior to 
septic shock, the four patients had received combina-
tion antimicrobial treatment, including at least one sus-
ceptible agent, because of respiratory colonization with 
multidrug-resistant Acinetobacter species. Three patients 
(9%) died after 1 month (pneumonia in two patients and 
chronic rejection in one patient). Survival rates at the 
first and third years were 79% and 73%, respectively. 

DISCUSSION

Infection is one of the most significant complications 
in LT recipients and is a significant determinant of 
transplantation outcomes. Various prophylaxis strate-
gies have thus evolved gradually for LT recipients. The 
epidemiology of post-LT infections was reported in the 
1990s [5,6]; however, data from the modern era are lim-
ited [7]. Although our current study was performed in a 
single center, we have detailed the very recent epidemi-
ology of post-LT infections in our present analysis. 

Multidrug-resistant bacteria were frequently present 

in our current study cohort. LT candidate patients with 
chronic pulmonary diseases usually have undergone fre-
quent admissions, intensive care, and administrations 
of broad-spectrum antimicrobial agents. Therefore, care 
needs to be taken with regard to multidrug-resistant 
bacterial infections in the immediate post-LT care pe-
riod, especially in intensive care units. In a previous re-
port from Korea [11], multidrug-resistant gram-negative 
bacteria were also the respiratory pathogens most com-
monly identified in the late post-LT period (> 1 month 
after LT). In general, infections during the first month 
after solid organ transplantation are often donor- or re-
cipient-derived or are associated with surgical and nos-
ocomial complications. However, a period of 1 month 
may be too short to capture all bacterial infections, espe-
cially multidrug-resistant infections related to postop-
erative complications. LT recipients usually need more 
prolonged hospital care than other organ transplant re-
cipients. Therefore, multidrug-resistant bacterial infec-
tions can often occur during the 2- to 6-month period 
in LT patients. 

In our current study subjects, multidrug-resistant bac-
terial infections contributed to morbidity and early mor-
tality after LT. Burkholderia cenocepacia infections could 
be considered relative contraindication to LT in pa-
tients with cystic fibrosis because these patients are at 
increased risk of poor post-LT outcomes [12]. However, 
in general, colonization or infection of multidrug-re-
sistant P. aeruginosa or A. baumannii is not considered 
a contraindication for LT [13]. Although bacterial infec-
tions were found to be significantly more common in 
those colonized with multidrug-resistant gram-negative 
bacilli than those not-colonized, mortality was not sig-
nificantly different between the two groups. 

Most cytomegalovirus infections of the first period 
(within 1 month after LT) developed in the very early 
period after LT, possibly due to our antiviral prophylax-
is protocol. In our institution, intravenous ganciclovir 
had started from 1 week in LT recipients, given the risk 
of neutropenia due to simultaneous administration of 
potent immunosuppressive and antiviral agents. After 
we completed our current study; however, we modified 
this protocol and antiviral prophylaxis now begins im-
mediately after LT in our hospital. Antiviral prophylax-
is is usually targeted at tissue-invasive cytomegalovirus 
diseases. Although two episodes of gastrointestinal dis-

Table 5. Clinical outcomes of the 34 lung transplant recipi-
ents analyzed in this study

Variable No. (%)

Early mortality 5 (15)

Septic shock 4 (12)

Postoperative bleeding 1 (3)

Late mortality 3 (9)

Pneumonia 2 (6)

Chronic rejection 1 (3)

Overall mortality 8 (24)

Infection related mortality 6 (18)

1-Year survival rate, % 79

3-Year survival rate, % 73
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eases developed in the very early period after LT in our 
present study cohort, the prognosis of gastrointestinal 
diseases is usually good. More serious cytomegalovirus 
diseases are pneumonia and retinitis in LT recipients. 
Indeed, cytomegalovirus pneumonia and retinitis de-
veloped after the discontinuation of antiviral prophy-
laxis in this study. Therefore, the duration of antiviral 
prophylaxis is an important issue in LT recipients. In 
a randomized controlled trial [14], extending the dura-
tion of antiviral prophylaxis in LT recipients from 3 to 
12 months further reduced the incidence of cytomega-
lovirus infection and disease. After that study, a recent 
guideline recommended 12-month antiviral prophylax-
is in LT recipients [15]. However, in Korea, we need to 
carefully decide whether to follow the recommendation 
because most Korean patients are cytomegalovirus se-
ropositive and the prophylactic use of valganciclovir is 
very expensive because the national health insurance 
scheme in Korea does not cover this drug. 

Two adult cases of posttransplant lymphoproliferative 
disorders that developed 6 months and 2 years after LT 
were previously reported in Korea [16,17]. In our current 
study, Epstein-Barr virus-related posttransplant lymph-
oproliferative disorders developed in two pediatric re-
cipients. Although some centers employ chemoprophy-
laxis and/or preemptive strategies using Epstein-Barr 
virus load as a surveillance tool, for prevention of post-
transplant lymphoproliferative disorders, published data 
in support of these protocols are currently limited [18]. 

Antifungal prophylaxis is usually targeted at invasive 
aspergillosis in LT recipients. Among solid organ trans-
plantations, the lung and heart-lung have the highest 
incidence of invasive aspergillosis [19]. Aspergillus in-
fection in LT recipients manifests in several ways, in-
cluding airway colonization, various forms of tracheo-
bronchitis, and invasive pulmonary aspergillosis. In our 
present study series, there was no observed episode of 
tracheobronchitis or invasive pulmonary aspergillosis 
during the period of voriconazole prophylaxis. The se-
rum concentrations of voriconazole were adequate in all 
patients who received the drug. Although three episodes 
of probable invasive pulmonary aspergillosis developed 
after the end of prophylaxis among our patient subjects, 
all fully improved with standard treatments. Infection 
due to azole-resistant Candida species (C. krusei) devel-
oped in one of our patients during voriconazole pro-

phylaxis. All episodes of candidiasis that developed af-
ter the end of voriconazole prophylaxis were due to an 
azole-susceptible species, C. albicans.

The main limitation of our study was that only 34 pa-
tients from a single center were analyzed. Because of this 
limitation, it is difficult to state that our study data are 
completely representative of the Korean LT recipients. 
However, despite this potential drawback, we do provide 
valuable and recent detailed epidemiology data for post-
LT infections in a Korean cohort. Continuous monitor-
ing of infections after transplantation and a multicenter 
study are required in the future to further evaluate the 
proper epidemiology of infections after LT in Korea. 
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