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Abstract
Background Optimal management of early airway infection is essential for the survival of lung transplant (LTx) recipients 
during the first 12 months after transplantation. This study aimed to explore the main cause of post-lung transplant pneu-
monia (PLTP) within 30 days after LTx.
Methods Forty LTx patients were retrospectively analyzed. Sputum sampling from donors’ and recipients’ airways was 
performed pretransplant and posttransplant daily for the first 30 days after LTx. Organisms in the recipient’s and donor’s 
original airways were compared to pathogens responsible for PLTP. Patients with and without PLTP were also compared to 
identify relevant risk factors.
Results Seventeen (42.5%) patients developed pneumonia (PLTP group) and 23 had no episode of pneumonia (Non-PLTP 
group) during the first 30 days. In the PLTP group, median time from LTx to PLTP onset was 6 days. A significantly higher 
incidence of PLTP was caused by recipient’s rather than donor’s original airway bacteria (62% vs 13%, p < 0.01). Smoking 
history of the donor and pretransplant airway bacterial colonization of the recipient were independent risk factors of PLTP 
which was associated with prolonged posttransplant mechanical ventilation with longer intensive care unit stay and worse 
survival outcomes.
Conclusions The recipient’s original airway microflora rather than the donor’s, was highly associated with PLTP. A combi-
nation of donor smoking history and recipient airway infection should be avoided, while evidence of donor lung infection 
is not a contraindication for LTx.
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Introduction

Lung transplantation (LTx) is currently a well-established 
treatment for various end-stage pulmonary diseases, while 
donor shortage and narrow organ utilization remain limita-
tions in terms of the growing number of indications and 
candidates. In clinical practice, only 15–25% of multi-organ 
donors are reportedly regarded as having organs suitable for 

transplantation [1–4]. Generally, the donor’s clinical mark-
ers listed on the standard donor acceptance criteria are still 
widely used for evaluation and decision-making processes. 
Evidence of a donor’s airway infection, detected via bron-
choscopy, is one of the determinants for discarding lungs 
[5]. Basically, a cadaveric donor is susceptible to ventilator-
associated pneumonia. Mechanical ventilation lasting longer 
than 48 h reportedly correlated with pneumonia, particularly 
in patients with severe brain injuries like those in cadaveric 
donors [6, 7]. In fact, airway bacteria were reportedly iden-
tified in more than 50–89% of potential lung donors [8, 9]. 
Thus, the possibility of a donor’s airway infection is a com-
mon reason for rejecting organ offers.

Infection is one of the major complications in the acute 
posttransplant period and a common cause of death in the 
first year after LTx [10, 11]. Also, the development of bron-
chiolitis obliterans syndrome, the leading cause of long-term 
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mortality, is often triggered by graft infection [12]. Accu-
rate pretransplant risk assessment of post-lung transplant 
pneumonia (PLTP) is essential for sensible donor selection 
and successful posttransplant management. However, the 
clinical markers relevant to the development of PLTP have 
not been well identified. A number of offered lungs were 
discarded for the reason of evidence or the potentiality of 
donor respiratory tract infection, while the actual impact of 
microorganisms in the donor’s airway on PLTP remains an 
open question. The potential causes of PLTP are not only 
transmission of donor organisms, but also remaining organ-
isms in the recipient’s trachea or upper airway, and de novo 
infection after LTx. The aim of this study is to explore the 
main causes of PLTP development during the first 30 days 
after LTx by specifically identifying bacterial species in the 
airways of donors and recipients and examining relevant 
clinical markers.

Patients and methods

Patients and study design

A total of 40 consecutive deceased LTx performed between 
September 2007 and March 2014 in Okayama University 
Hospital were retrospectively analyzed. We reviewed the 
medical records to ascertain the independent variables deter-
mining the clinical characteristics and posttransplant out-
comes of donors and recipients. Respiratory samples of the 
donors and recipients were cultured pre- and posttransplant 
and existent bacteria were identified at each stage. Recipi-
ents who developed pneumonia within the first 30 days 
after LTx were defined as the post-lung transplant pneu-
monia (PLTP) group. In the PLTP group, bacteria grown 
at the onset of PLTP were compared to the pretransplant 
bacterial culture of donors and recipients to determine the 
origin of the responsible bacteria. In addition, risk factors 
for PLTP development were identified by comparing clini-
cal characteristics between the PLTP and non-PLTP groups 
(those with no episode of PLTP during the first 30 days after 
LTx). Patients’ consent for the use of clinical information 
was obtained in advance. Clinical data recorded until March 
2014 were reviewed following approval of the institutional 
review board of Okayama University Hospital (approval #: 
1804–043).

Recipient and donor selection

Patients who had officially approved indication for LTx 
were registered on the waitlist provided by the Japan Organ 
Transplant Network (JOTN). Procedure indication was 
determined for each candidate according to the primary dis-
ease, urgency, and organ availability. Evidence of pathogenic 

airway resident bacteria or comorbid pulmonary hyperten-
sion was regarded as an indication for bilateral rather than 
single LTx. Offered deceased donor lungs were allocated to 
recipients according to waitlist order, ABO compatibility, 
and matching of predicted pulmonary vital capacity value. 
Detailed donor data including past medical history and 
results of examination were obtained by authorized donor 
coordinators. An experienced transplant physician delegated 
by the JOTN as a consultant for donor assessment and man-
agement were involved at an early stage of each process. The 
physician collected updated information on physical, radio-
logic, and bronchoscopic findings for each donor, and aided 
the staff at the local donor hospital in optimizing the donor’s 
condition as much as possible. Surveillance respiratory sam-
pling was performed via bronchoscopy to identify resident 
bacteria in the donor airway. Optimal antibiotic agents were 
chosen in accordance with sputum culture status and admin-
istered to the donor after confirming organ donation consent 
from the next of kin. The detailed donor data was shared 
among the donor hospital staff and transplant centers with 
the use of a form filled out by the authorized donor coordina-
tors and transplant physicians. Our institutional expert team 
made a final decision to accept or decline the donor organs. 
Organ offers were not declined solely because of evidence 
of pathogenic bacteria in the donor’s airway.

Organ procurement and transplant procedure

Lung procurement was standardized for all deceased donors. 
Donor lungs were routinely flushed with EP-TU extracel-
lular solution (Cell Science & Technology Institute, Sen-
dai, Japan) with no antibiotics added to the flush solution. 
Ex vivo lung perfusion treatment was not performed in all 
the transplant cases of this study cohort. LTx surgery was 
performed in the standard manner via a transsternal anterior 
thoracotomy approach. Intraoperative cardiopulmonary sup-
port with a standard bypass technique was used when the 
unilateral native lung was not able to maintain adequate gas 
exchange and hemodynamic stability. When using cardio-
pulmonary bypass, intratracheal lavage through the tracheal 
tube was performed with tobramycin saline following bilat-
eral pneumonectomy.

Posttransplant management with antibiotics 
and immunosuppression

Recipients received a standard triple-drug immunosuppres-
sive regimen consisting of a calcineurin inhibitor (tacrolimus), 
a cell-cycle inhibitor (mycophenolate mofetil), and steroids. 
Target trough level of tacrolimus was set at 8–11 ng/mL for 
the first 30 days after LTx. A second-generation cephalosporin 
was routinely administered for the first 7 days posttransplant. 
When non-resident bacteria resistant to some antibiotics were 
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detected in the donor or recipient preoperatively, broader spec-
trum antibacterial agents were selected in accordance with 
susceptibility testing and administered as a prophylaxis for 
7–14 days after surgery.

Sputum sampling and definition of post‑lung 
transplant pneumonia

Sputum of both recipients and donors was sampled pretrans-
plant. At the time of registration, the first sampling for recipi-
ents was performed. Then, at the time of LTx, recipient’s spu-
tum was reevaluated on the day before surgery. In addition, 
intrabronchial secretions of the recipients’ explanted lungs 
and donor lungs were obtained through swabs intraoperatively 
and cultured. All the identified organisms were defined as the 
recipient/donor-derived bacteria. Thereafter, respiratory sam-
pling for recipients was undertaken daily for the first 30 days 
after LTx. When a recipient was intubated, the sample was col-
lected through bronchoscopy. Each sample was evaluated with 
gram staining and culture identification. Diagnostic criteria of 
PLTP included clinical, radiologic and culture factors. Recipi-
ents with productive airway secretion, fever and leukocytosis 
were further examined with a chest computed tomography 
scan to confirm convincing lung infiltration. We defined the 
development of PLTP as non-resident bacteria cultured more 
than twice in patients with clinical and radiologic evidence of 
pneumonia. Administration of antibiotics was tailored to the 
culture results and started immediately after the diagnosis of 
PLTP.

Statistical analyses

To determine the pre-transplant severity of each patient, their 
US lung allocation score (LAS) was retrospectively calcu-
lated (in November 2016) using the LAS calculator available 
on the OPTN website (https ://optn.trans plant .hrsa.gov/resou 
rces/alloc ation -calcu lator s/las-calcu lator /). The primary graft 
dysfunction (PGD) grade was defined in accordance with 
the International Society for Heart and Lung Transplantation 
working group statement. The continuous and categorical vari-
ables were compared using the Mann–Whitney and Fisher’s 
exact test, respectively. All donor-related variables that could 
conceivably predict PLTP development were tested using uni-
variate regression analysis. A p-value < 0.05 was considered 
to be statistically significant. The statistical analyses were 
performed using  JMP® 11 software (SAS Institute Inc., Cary, 
NC, USA).

Results

Characteristics of the transplant cohort

Thirty of 40 recipients underwent bilateral LTx and the 
remaining 10 underwent single LTx. The age of recipients 
ranged from 14–61 years (mean, 43 years), and 18 recipi-
ents (45%) were female. Indications for LTx were inter-
stitial lung disease (n = 13), idiopathic pulmonary arterial 
hypertension (n = 5), chronic obstructive pulmonary dis-
ease (n = 5), bronchiectasis (n = 5), and other miscellane-
ous pulmonary disorders (n = 12). There were no cystic 
fibrosis patients in this study cohort consisting entirely of 
Asian (Japanese) patients. As for the donors, ages ranged 
from 20 to 71 years (mean, 46 years), and there were 21 
females (53%). There were 24 donors with a smoking his-
tory of > 20 pack-years. Four donors (10%) died of trauma. 
Pathogenic bacterial isolates were positive pretransplant 
in 16 recipients and 23 donors.

Development of PLTP and responsible bacterial 
organisms

The breakdown of the cohort by PLTP development status 
is given in Fig. 1. Of the 40 LTx recipients, 17 devel-
oped PLTP (PLTP group) and the remaining 23 had no 
episode of pneumonia (non-PLTP group) throughout the 
first 30 days after LTx. In the PLTP group, time inter-
val between LTx and PLTP onset ranged from 1–14 days 
(mean, 6 days). The responsible organisms in 13 of the 
17 PLTP patients corresponded to the species detected in 
the recipients’ pretransplant airway, while only three cases 
corresponded to donor-derived bacteria. In the remaining 
one case, the bacterial isolate (S. Maltophilia) conformed 
to neither the recipient’s nor the donor’s pretransplant air-
way resident species, implying that the PLTP was a de 
novo infection after LTx. Significantly higher incidence of 
PLTP was caused by recipient pretransplant airway bacte-
ria than donor’s. Overall, 13 (62%) of 21 and 3 (13%) of 24 
cases showed an association between the bacteria respon-
sible for PLTP and the recipient and donor pretransplant 
airway microflora, respectively (p < 0.01). As for 10 single 
LTx recipients, all of them had no bacterial colonization 
identified at the time of registration. However, three of 
them turned positive during the waiting time and had colo-
nization when they underwent LTx. Eventually, there were 
one recipient-derived and one donor-derived PLTP in the 
single LTx cases. Both of the patients developed PLTP in 
the transplanted side. The bacterial species isolated pre-
transplant and at the onset of PLTP are given in Table 1. 
Staphylococcus and Pseudomonas were a common cause 

https://optn.transplant.hrsa.gov/resources/allocation-calculators/las-calculator/
https://optn.transplant.hrsa.gov/resources/allocation-calculators/las-calculator/
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of PLTP overall. Maltophilia was less frequently observed 
but caused high incidences of transmission events when 
identified pretransplant.

Identification of PLTP risk factors

Univariate and multivariate analyses comparing relevant 
clinical factors between PLTP and non-PLTP groups are 
shown in Table 2. Pretransplant positive airway culture in 
recipient (p = 0.01), donor smoking history (p < 0.01) and 
intraoperative cardiopulmonary bypass use (p = 0.03) were 
more frequently observed in the PLTP group. There was no 
statistical difference between the groups in other factors. 
Multivariate regression analysis including important clinical 
variables revealed that recipient’s airway bacterial coloniza-
tion (p = 0.02) and donor smoking status (p = 0.02) were the 
independent risk factors for PLTP development.

Early and late posttransplant outcomes in the PLTP 
and non‑PLTP groups

For the overall study cohort, the mean PGD grade, length 
of mechanical ventilation and intensive care unit stay 
was 1.58, 14.6 days, and 25.1 days, respectively. When 
comparing between recipients with and without the PLTP 
development (PLTP and non-PLTP group), there was 
no statistical difference in the PGD grade. However, the 
length of mechanical ventilation (MV) requirement and 
intensive care unit (ICU) stay were significantly longer 
in the PLTP group (Fig. 2). The median posttransplant 

Fig. 1  Breakdown of the study cohort by clinical characteristics

Table 1  Organisms isolated from pretransplant and at PLTP onset

MRSA methicillin-resistant Staphylococcus aureus, MSSA methicil-
lin-susceptible Staphylococcus aureus, Coag(-) staph Coagulase-neg-
ative Staphylococcus

Microorganisms No. of PLTP events/pre-
LTx identification

Donors Recipients PLTP

Gram-positive cocci
 MRSA 1/4 (25%) 3/5 (60%) 4
 MSSA 0/7 0/2 0
 Coag(-) staph 0/0 3/3 (100%) 3
 Enterococcus sp. 0/0 2/4 (50%) 2

Gram-positive rods
 Corynebacterium sp. 0/2 0/0 0

Gram-negative rods
 Pseudomonas aeruginosa 1/3 (33%) 4/12 (33%) 5
 S. maltophilia 1/1 (100%) 1/1 (100%) 3 (de novo: 1)
 E. coli 0/1 0/1 0
 Enterobacter cloacae 0/9 0/0 0
 Klebsiella sp. 0/3 0/0 0
 Acinetobacter baumanii 0/2 0/0 0
 Serratia sp. 0/2 0/0 0

Mycobacterial
 Mycobacteriumu intracel-

lulare
0/0 0/1 0

Fungi
 Candida sp. 0/3 0/3 0
 Aspergillus sp. 0/0 0/1 0
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follow-up time for the patient cohort was 6.4 years. Look-
ing at the long-term outcomes, patients in the PLTP group 
exhibited significantly poorer survival than the non-PLTP 
group with higher incidence of chronic lung allograft 
dysfunction (CLAD) [13] despite no statistical between-
group differences found regarding the incidence of CLAD 
(Fig. 3).

Discussion

Despite the recent improvement in the quality of perio-
perative management, infection still remains the leading 
cause of death during the first year after LTx [10, 11]. The 
risk stratification regarding posttransplant graft infection 

Table 2  Univariate and multivariate analyses for identification of PTP risk factor

ILD interstitial lung disease, IPAH idiopathic pulmonary arterial hypertension, COPD chronic obstructive pulmonary disease, BE bronchiectasis, 
BMI Body Mass Index, LAS lung allocation score, CPB cardiopulmonary bypass, PGD primary graft dysfunction, OR odds ratio, 95%CI 95% 
confidence interval

PLTP Group Non-PLTP Group Univariate Multivariate
n = 17 n = 23 p-value p-value

Recipient
 Age (mean, range) 48 (14–61) 40 (21–57) 0.79
 Sex (F/M) 8 (47%)/9 (53%) 10 (43%)/13 (57%) 1.00
 Primary disease (ILD/IPAH/COPD/BE/Other) 4 (24%)/3 (18%)/1 

(6%)/2 (12%)/7 (41%)
9 (39%)/2 (9%)/4 

(17%)/3 (13%)/5 (22%)
0.56

 BMI (mean, range) 19.5 18.7 0.35
 LAS 35.0 33.7 0.14
 DM 4 (24%) 5 (22%) 1.00
 preTx steroid usage 7 (41%) 9 (39%) 1.00
 Positive airway culture 13 (76%) 8 (35%) 0.01 0.02

Donor
 Age (mean, range) 9 (39%) 43 (20–71) 0.23
 Sex (F/M) 12 (71%)/5 (29%) 9 (39%)/14 (61%) 0.06
 BMI (mean, range) 22.3 (16.9–34.3) 23.1 (18.8–39.8) 0.54
 Smoking at the time of brain death 12 (70.5%) 4 (17.4%) 0.003 0.02
 Cause of death (Trauma/non-Trauma) 2 (12%)/15 (88%) 2 (9%)/21 (91%) 0.43
 Positive airway culture 11 (64%) 13 (57%) 0.74 0.25

Operation
 Type (Single/Bilateral) 2 (12%)/15 (88%) 8 (35%)/15 (65%) 0.15 0.27
 Blood loss (mL) 1950 850 0.26
 CPB usage 17 (100%) 15 (65%) 0.03 0.07
 Graft ischemia time (min) 551 526 0.40
 Max PGD grade (mean) 1.9 1.4 0.43
 Prophylactic antibiotics (narrow/extended spectrum) 7 (41%)/10 (59%) 11 (49%)/12 (51%) 1.00

Fig. 2  Early posttransplant outcomes in the PLTP and non-PLTP group. PGD primary graft dysfunction, MV mechanical ventilation, ICU inten-
sive care unit
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is arguably one of the most important issues for donor 
selection and post-LTx patient management. However, 
it is hard to conduct a large-scale clinical study using a 
national-scale database and find conclusive evidence 
due to limitations of data collection such as a high rate 
of underreporting donor-transmission events [14]. In this 
study, we examined airway culture status for both donors 
and recipients preoperatively and exhaustively followed 
up with recipient sputum after LTx to explore the actual 
behavior of bacterial organisms in the donor’s and recipi-
ent’s original airway. Airway samples were obtained at 
least twice pretransplant in both donors and recipients, 
and daily for the first 30 days after LTx in the recipients. 
The close observation allowed for precise tracking of the 
cohort.

This study demonstrated that PLTP was mainly attributed 
to organisms originally from the recipient’s rather than the 
donor’s airway pretransplant. Indeed, the 62% of recipients 
with pretransplant airway infection or pathogenic-bacteria 
colonization developed PLTP thereafter, while a mere 13% 
of donors with positive culture testing results led to PLTP. 
In addition, donor smoking history was strongly associated 
with the development of PLTP. Lung transplant recipients 
with PLTP development spent longer under mechanical 
ventilation and ICU management posttransplant than those 
without. The early PLTP also affected the long-term out-
comes. Overall, problematic graft infection early after LTx 
as well as long-term graft performance is strongly associ-
ated with donor’s smoking history and the recipient’s rather 
than the donor’s airway contamination. According to the 
registry data in the International Society For Heart and 
Lung Transplantation, cystic fibrosis and other bronchiec-
tasis accounted for 18% of global LTx indication [10]. A 
certain proportion of airway infectious diseases in LTx can-
didates can partly contribute to the relatively high incidence 
of infection early after LTx in the international database. 

Furthermore, intraoperative CPB use seemed another risk 
factor for PLTP despite no reach to statistical significance 
in the multivariate regression analysis. This might be related 
to the fact that patients with intraoperative CPB require-
ment tend to be originally in more critical condition or need 
longer management of postoperative mechanical ventilation 
(data not shown).

A majority of past research indicated that there was no clear 
impact of donor airway infection on the early post-LTx out-
come despite the fact that airway secretion status is cited as 
one of the standard donor acceptance criteria [8, 9, 15, 16]. 
Reportedly, the positive rate of sputum Gram stains or culture 
tests in the offered lungs ranged from 50–89%. In addition,  
46–97% of transplanted lungs were from donors with positive 
pathogens [9, 15–17]. Airway contamination in lung donors 
is a common event, while the actual incidence of pneumonia 
after LTx from those donors was < 20% overall. Considering 
the data from the past and present study, a positive gram stain 
or bacterial culture by itself should not be a reason to preclude 
organ use. However, this view should be justified only if effec-
tive antibiotic prophylaxis is securely provided to donors and 
recipients. Some literature suggested that even organs procured 
from a donor with multidrug-resistant (MDR) pathogens could 
be successfully used under provision of prolonged tailored 
antibiotic treatment. However, other research has suggested 
that inappropriate management of MDR organisms led to 
high incidence of infectious transmission and critical events 
after LTx [18–20]. Indeed, our study cohort also included 
two of three donor-derived PLTPs that were caused by MDR 
pseudomonas and staphylococcus species and potentially not 
treated with effective antibiotics. Although adequate duration 
of prophylactic intervention remains debatable, some experts 
recommended at least 7–14 days of susceptibility-based anti-
biotic treatment against donor isolates [18, 20]. Overall, lungs 
from a donor with positive pathogens can be used but should 

Fig. 3  Long-term outcomes in the PLTP and non-PLTP group. CLAD chronic allograft dysfunction, LTx lung transplantation
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be cautiously managed by conducting a sufficient length of 
on-target prophylaxis therapy.

Timely communication between donor hospital and trans-
plant center is essential for clinicians to share the information 
for infection risk, optimal recipient selection, and prophylactic 
policy. The Organ Procurement and Transplantation Network 
in the US cautions against communication gaps that lead to 
higher incidence of transmission events [21]. We, in Japan, 
have a relatively small and close-knit community among trans-
plant centers. The transplant consultant physicians from the 
closest centers are routinely invited to donor hospitals by the 
JOTN as a supervisor for donor management including sputum 
sampling through bronchoscopy and selection of antibiotics 
in each case. They acquire detailed important clinical data 
and share the information with other transplant centers. This 
unique system, which we call the “medical consultant system”, 
has contributed to excellent quality control in donor informa-
tion used in the recipient selection process, pre-procurement 
donor management, and communication between donor hos-
pital staff and transplant centers. A high organ utilization rate 
has been achieved in our country, since this consulting regime 
was implemented [22]. Successful use of contaminated donor 
lungs in this study cohort was also attributed to those national 
efforts to enhance organ utilization.

There are several limitations inherent in the design of our 
study. First, it is retrospective in nature and investigated a 
small-scale patient cohort in a single center. Second, no fin-
gerprinting analysis was conducted to confirm whether the 
collated bacterial isolates were genotypically identical or 
not. However, similarity in the bacterial phenotype and drug 
susceptibility between pre- and the very early post-transplant 
period is safely considered as the same pathogen. Finally, 
policy of antibiotics selection was not standardized. We even-
tually deferred to local attending physicians on antibiotic 
management.

In conclusion, donor smoking history and the recipient’s 
original airway microflora rather than the donor’s, are highly 
associated with PLTP. Therefore, a combination of donor 
smoking history and recipient’s with airway infections should 
be avoided, while donor lung infection is not a contraindica-
tion for LTx.
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