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Background: The number of lung transplantation procedures is rapidly increasing worldwide. Little is known 
about the effect of perioperative respiratory microbial colonization on pneumonia during lung transplantation. 
We evaluated the microbiome composition and incidence of early pneumonia in patients undergoing lung 
transplantation. We investigated factors related to post-transplant pneumonia (PTP) after lung transplantation.
Methods: A retrospective analysis of patients subjected to lung transplantation between May 2013 and 
December 2019 was performed. Perioperative microbial colonization, and its relationship with early pneumonia, 
were examined in specimens from bronchial washing, bronchoalveolar lavage, and sputum aspiration before and 
after surgery. One-year mortality, as the primary outcome, was analyzed using the Kaplan-Meier curve model.
Results: Among 76 patients who underwent lung transplantation, 34 donors (44.7%) and 28 recipients 
(36.8%) showed positive respiratory cultures with respect to preoperative respiratory colonization. A 
separate analysis of donors and recipients showed that 42 donors and 48 recipients were in respiratory non-
colonized state, and 28 (53.8%) donors and 36 (69.2%) recipients survived 1 year after lung transplantation. 
Acinectobacter baumannii was the most common respiratory multidrug-resistant (MDR) pathogen. PTP 
was significantly lower in the survivor group (38.5% vs. 70.8%, P=0.009). Out of the recipients with 
preoperative respiratory colonization, 57.1% survived 1 year after lung transplantation. Patients with PTP 
had significantly higher 1-year mortality than those without PTP (P=0.009). Preoperative respiratory 
colonization of the recipients (P=0.010) and PTP patients (P=0.005) was associated with high 1-year 
mortality rate. Perioperative respiratory colonization of donors was not associated with the incidence of PTP 
and 1-year survival.
Conclusions: Perioperative colonization of recipients was a powerful predictive factor for PTP, which was 
associated with 1-year mortality in patients subjected to lung transplantation. Our results suggest that donor 
acceptance criteria may change to better address potential shortages in organ donation.
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Introduction

Lung transplantation is the choice of therapy for medically 
intractable end-stage lung disease and is now widely accepted as 
an effective treatment in selected individuals (1). The number 
of lung transplantation cases is growing rapidly globally; 
however, the sophisticated perioperative care required and 
poor long-term outcomes constitute important challenges in 
the field of lung transplantation (2); one of these challenges is 
acquired infection. Immunosuppression is required to prevent 
transplant rejection, therefore, lung transplant recipients 
are susceptible to infections by various microorganisms in 
the early postoperative period (3). Among these infections, 
pneumonia may be lethal for recipients in two ways. First, 
pneumonia itself can be fatal because of immunosuppression 
and delay in treatment due to infection by unusual organisms, 
opportunistic infections, and other complications (3). Second, 
direct injury to the transplanted graft due to pneumonia can 
breakdown the immune tolerance between the graft and host, 
leading to acute rejection and chronic allograft dysfunction 
(4,5). In this context, pneumonia after lung transplantation 
should be carefully addressed in terms of diagnosis, treatment, 
and immunosuppression.

Some respiratory multidrug-resistant (MDR) pathogen, 
especially Burkholderia Cepacia is a relative contraindication 
for lung transplant (6,7). To date, cystic fibrosis patients 
infected with Burkholderia cepacia are regarded as high risk 
for post-transplantation mortality (8). Considering that the 
proportion of patients requiring pre-transplantation intensive 
care unit (ICU) stay is increasing due to organ donor shortage 
and urgency-based organ allocation systems (9), preoperative 
respiratory microbial colonization and resistant organisms 
are expected to become more common. However, it is 
unclear which pathogens or pattern of resistance impacts 
post-transplantation pneumonia (PTP). Therefore, we 
aimed to assess the association between preoperative 
respiratory colonization and clinical outcomes after lung 
transplantation. In addition, we attempted to determine how 
MDR colonization affected other parameters of the lung 
transplantation outcome, including early PTP. We present 
the following article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-21-1724/rc).

Methods

Study design and data collection

We retrospectively collected clinical data regarding donor-

related parameters such as age, smoking, PaO2/FiO2 (PF) 
ratio, presence of chest X-ray infiltration, respiratory 
microbial culture data, and recipient-related parameters 
such as age, sex, body mass index (BMI), etiology of 
respiratory disease, pre-transplantation bridging status, 
antibiotic use, respiratory microbial culture data, and 
clinical outcome. In addition, outcome parameters such 
as early PTP, defined as the onset of pneumonia within  
28 days after lung transplantation, postoperative ventilator-
free day (VFD) within 28 days, postoperative ICU stay, and 
1-year survival rate were collected. We reviewed all data 
based on the medical records.

Lung transplantation protocol

Lung transplantation was performed according to our 
institutional protocol. Preoperative and postoperative 
management, including immunosuppression, administration 
of prophylactic antibiotics, and supportive care, were 
standardized according to our established protocol. During 
perioperative care, antibiotic therapy was administered 
based on the results from sputum and blood bacterial 
cultures, or empirically when bacterial culture data were 
unavailable. Empirical antibiotics were chosen according 
to the guidelines for hospital-acquired pneumonia 
and conditionally modified based on the institutional 
microbiological pattern of resistance.

Definition of acquired pneumonia

Pneumonia was defined as infection of the pulmonary 
parenchyma caused by various organisms, with compatible 
laboratory findings and symptoms such as cough (with or 
without sputum), fever, chills, and respiratory difficulty. 
Laboratory findings included two or more of the following 
criteria: temperature ≥38.4 or <36 ℃, white blood cell (WBC) 
count >11,000/mm3 or <4,000/mm3, and positive blood and 
sputum cultures (10). Positive bacterial cultures were defined 
as bacterial growth, in a qualitative manner. Imaging findings 
on chest radiography or computed tomography, such as 
consolidation and increased haziness, were defined as abnormal 
(11). Early post-transplantation pneumonia was based on the 
International Society for Heart and Lung Transplantation 
definition as pneumonia that developed within 30 days after 
transplantation surgery (12-15).

Respiratory colonization was defined as a positive 
culture from the sputum, bronchial washing fluid, or 
bronchoalveolar lavage fluid, without signs or symptoms 

https://jtd.amegroups.com/article/view/10.21037/jtd-21-1724/rc
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for the host, and incompatible with the aforementioned 
criteria for pneumonia (16). MDR bacteria were defined 
as carbapenem-resistant Acinetobacter baumannii (CRAB), 
carbapenem-resistant Pseudomonas aeruginosa ,  and 
methicillin-resistant Staphylococcus aureus.

Adequacy of prophylactic antibiotics was ensured 
by testing in vitro their activity against the etiological 
pathogens, as identified based on diagnostic laboratory 
results in our hospital. When resistant bacteria were 
identified as a result of antibiotic susceptibility, antibiotic 
usage was determined according to the reported drug 
susceptibility testing (DST). When CRAB was detected, 
colistin was used for initial treatment, together with other 
antibiotics depending on sensitivity.

In addition, adequate prophylactic antibiotics were 
administered only to patients with positive culture for 
preoperative respiratory colonization, but not to those 
with negative culture. This finding suggested that not all 
patients with positive culture with preoperative respiratory 
colonization had pneumonia.

Microbiological samples

In transplant recipients, all respiratory samples were 
obtained during inpatient appointments via routine sputum 
tests or bronchial washing by flexible bronchoscopy prior 
to transplantation or within three days post-transplantation. 
In outpatients, a routine sputum culture test was performed 
to obtain respiratory samples. Respiratory samples from 
donors were collected with endotracheal suction or 
bronchial washing with flexible bronchoscopy prior to 
donor lung harvest. Respiratory samples were processed 
according to our laboratory protocol, and microbial cultures 
and susceptibility tests were performed simultaneously.

Statistical analysis

Categorical and continuous variables were expressed as 
numbers (percentages) and means ± standard deviations 
(SDs) or medians (interquartile ranges). Comparisons 
between the two groups were performed with the 
independent t-test and Chi-square test. Univariate logistic 
regression analysis to predict the risk of early PTP was 
performed to estimate the odds ratio (OR) and 95% 
confidence interval (CI). Kaplan-Meier curves with log-rank 
tests were used for analysis of 1-year mortality with respect 
to PTP. A multivariate Cox proportional hazard model 
with a stepwise regression selection method was used to 

identify the independent factors for 1-year mortality. After 
completing the univariate regression analysis, variables 
with a P≤0.25 were determined as eligible for use in 
multiple regression analysis. In addition, clinically reliable 
variables were included in multivariate analysis. Statistical 
significance was set at P≤0.05. All statistical analyses were 
performed using SPSS (version 23; IBM Corp).

Ethics statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) (17). The 
study was approved by Pusan National University Yangsan 
Hospital (PNUYH) Institutional Review Board (IRB No. 
05-2021-037) and individual consent for this retrospective 
analysis was waived.

Results

Baseline characteristics and comparison of clinical outcomes 
between 1-year survivors and non-survivors

A total of 76 patients underwent lung transplantation 
between May 2013 and December 2019 at a tertiary 
teaching university hospital. Their baseline characteristics 
are presented in Table 1. No significant difference in 
donor-related parameters such as age, PF ratio, and total 
lung capacity (TLC) donor/recipient (DR) ratio was 
observed between the two groups. Regarding the recipient-
related parameters, mean age was 55.2±10.8 years in the 
survivor group and 59.7±8.0 years in the non-survivor 
group (P=0.052). The profile of diagnostic etiology was 
not significantly different between groups, and the most 
common diagnostic etiology for lung transplantation was 
diffuse interstitial lung disease (DILD) in both groups. 
The adequacy of the initial prophylactic antibiotics was not 
significantly different between the two groups.

With respect to preoperative respiratory colonization, 
donors and recipients were analyzed separately (Figure 1).  
Overall, 34 donors (44.7%) and 28 recipients (36.8%) 
showed posit ive respiratory cultures.  Among the 
recipients who received lungs from respiratory colonized 
donors (n=34), 24 (70.6%) survived 1 year after lung 
transplantation, and the respiratory colonization rate of the 
donors was not significantly different between survivors 
and non-survivors (P=0.715). In contrast, 16/28 (57.1%) 
recipients with preoperative respiratory colonization 
survived 1 year after lung transplantation. Preoperative 
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Table 1 Baseline characteristics and outcomes of 1-year survivors and non-survivors 

Variables Total (N=76) Survivor (N=52) Non-survivor (N=24) P

Donor variables

Age (years) 40.1±12.6 39.7±12.3 41.1±13.5 0.665

PF ratio 426.6±120.0 434.1±109.0 407.5±145.3 0.403

TLC DR ratio 1.0±0.4 1.1±0.1 0.9±0.7 0.286

Recipient variables

Age (years) 56.6±10.3 55.2±10.8 59.7±8.0 0.052

Sex (M) 48 (63.2) 32 (61.5) 16 (66.7) 0.667

BMI 21.7±4.3 21.2±4.6 22.6±3.5 0.187

Aetiology 0.470

DILD 43 (56.6) 29 (55.8) 14 (58.3)

COPD 7 (9.2) 6 (11.5) 1 (4.2)

Post-ARDS lung fibrosis 13 (17.1) 8 (15.4) 5 (20.8)

Pulmonary graft versus host disease 7 (9.2) 6 (11.5) 1 (4.2)

Bronchiectasis 1 (1.3) 0 1 (4.2)

Others 5 (6.6) 3 (5.8) 2 (8.3)

BTT 60 (78.9) 39 (75.0) 21 (87.5) 0.214

*Adequacy of prophylactic antibiotics 21 (27.6) 13 (25.0) 8 (33.3) 0.450

Preoperative sputum colonisation

Donor 34 (44.7) 24 (46.2) 10 (41.7) 0.715

Recipient 28 (36.8) 16 (30.8) 12 (50.0) 0.106

Clinical outcome

Early PTP 37 (48.7) 20 (38.5) 17 (70.8) 0.009

Postoperative VFD within 28 days 14.5±9.8 15.4±9.7 12.6±9.9 0.264

Postoperative ICU stay (days) 20.7±17.6 15.3±12.6 32.3±21.4 0.001

Data is presented as mean ± standard deviations or number (%). *, adequacy of prophylactic antibiotics. Appropriate antimicrobial 
treatment is defined as the use of agents with in vitro activity against the etiologic pathogens based on our hospital’s diagnostic 
laboratory results (18). PF ratio, PaO2/FiO2 ratio; TLC DR ratio, total lung capacity donor/recipient ratio; BMI, body mass index; DILD, 
diffuse interstitial lung disease; COPD, chronic obstructive pulmonary disease; ARDS, acute respiratory distress syndrome; BTT, bridge to 
transplantation; PTP, post-transplant pneumonia; VFD, ventilator-free day, defined as days alive and free from mechanical ventilation; ICU, 
intensive care unit.

respiratory colonization rates in recipients tended to be 
lower in survivors than in non-survivors (P=0.106). Among 
other clinical outcomes, the cumulative incidence of early 
PTP was significantly lower in the survivor group than in 
the non-survivor group (38.5% vs. 70.8%, P=0.009) and 
postoperative ICU stay was shorter in survivors than in 
non-survivors (15.3±12.6 vs. 32.3±21.4 days, P=0.001). 
However, there was no statistical difference in postoperative 

VFD within 28 days (15.4±9.7 vs. 12.6±9.9 days, P=0.264). 
Preoperative microbial community types in donors and 
recipients before and after surgery are presented in  
Table S1.

Cox proportional hazard model for 1-year mortality

To assess predictors of 1-year mortality, age, BMI, 

https://cdn.amegroups.cn/static/public/JTD-21-1724-Supplementary.pdf
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preoperative respiratory colonization, bridge to lung 
transplantation (BTT), and early PTP were included in 
the Cox proportional hazard model (Table 2). Preoperative 
respiratory colonization of the recipients [hazards ratio 
(HR), 2.550; CI, 1.2–5.2; P=0.010] and PTP (HR, 3.239; 
CI, 1.4–7.3; P=0.005) were associated with high 1-year 
mortality rate. In addition, age (HR, 3.954; CI, 1.5–
10.3; P=0.005) showed a trend toward increased 1-year  
mortality rate.

Baseline characteristics and outcome according to early 
PTP

Table 3 shows the differences in the baseline characteristics 
and outcomes according to early PTP. In donors, variables 
such as age, PF ratio, and TLC DR ratio were not 

significantly different between patients with and without 
PTP. However, in recipients, preoperative respiratory 
MDR colonization was significantly different between 
patients with and without PTP (35.1% vs. 15.4%, P=0.047). 
Other clinical outcomes, such as postoperative ICU stay, 
postoperative hospital of stay (HOS), and 1-year survival 
significantly differed between patients with PTP and 
those without PTP (postoperative ICU stay, 27.6±20.6 vs. 
14.1±11.0 days, P=0.001; postoperative HOS, 76.0±50.9 
vs. 50.9±31.7 days, P=0.011; and 1-year survival, 54.1% vs. 
82.1%, P=0.009).

Early PTP-related risk factors and Kaplan-Meier curve 
for 1-year mortality due to onset of early PTP

Univariate analysis was performed to investigate the clinical 
parameters related to early PTP. Out of all patients (n=76), 
37 (48.7%) were diagnosed with early PTP. In univariate 
analysis, there were no differences in donor-related 
parameters such as age, PF ratio, and TLC DR ratio, and 
recipient-related parameters such as sex, BMI, etiology, 
BTT, and adequacy of antibiotics. In donors, preoperative 
respiratory colonized rates were not different between 
patients with and without early PTP. However, in recipients, 
16 patients developed PTP (43.2%). In particular, MDR 
pathogens in recipients were identified in 13 patients with 
PTP (35.1%) as opposed to six patients without PTP 
(15.4%) (P=0.047). Multivariate analysis based on age, 
preoperative MDR colonization of recipients, preoperative 
MDR colonization of donors, BTT, and appropriateness of 
prophylactic antibiotics determined that only preoperative 
MDR colonization in recipients was significantly associated 
with PTP (P=0.052) (Table 4). Multivariate analysis based 

• Donor (−) 
• Recipient (+)

• Donor (−) 
• Recipient (−)

• Donor (+) 
• Recipient (−)

• Donor (+) 
• Recipient (+)

Total: 76

9 (11.8%)

25 (32.9%)

19 (25.0%)

23 (32.3%)

Figure 1 Perioperative respiratory culture results from the overall 
population (n=76).

Table 2 Cox proportional hazard model for 1-year mortality 

Variables
Univariate Multivariate

HR (CI) P HR (CI) P

Recipient

*Age 3.523 (1.4–9.2) 0.010 3.954 (1.5–10.3) 0.005

BMI 1.063 (1.0–1.2) 0.146

Preoperative sputum colonization 1.917 (0.9–4.3) 0.111 2.550 (1.2–5.2) 0.010

BTT 2.010 (0.6–6.7) 0.258

PTP 3.067 (1.3–7.4) 0.013 3.239 (1.4–7.3) 0.005

*, age was used as a qualitative variable with a breakpoint 55 yrs. HR, hazard ratio; CI, confidence interval; BMI, body mass index; BTT, 
bridge to transplantation; PTP, post-transplant pneumonia.
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Table 3 Baseline characteristics and outcomes according to early PTP

Variables Total (N=76) With PTP (N=37) Without PTP (N=39) P

Donor variables

Age 40.1±12.6 40.6±12.3 39.6±13.0 0.726

PF ratio 426.6±120.0 422.5±145.0 430.4±92.7 0.784

TLC DR ratio 1.0±0.4 1.0±0.4 1.0±0.4 0.902

Recipient variables

Age 56.6±10.3 55.4±11.9 57.8±8.4 0.318

Sex (M) 48 (63.2) 24 (64.9) 24 (61.5) 0.764

BMI 21.7±4.3 22.1±4.2 21.3±4.4 0.407

Aetiology 0.828

DILD 43 (56.6) 21 (56.8) 22 (56.4)

COPD 7 (9.2) 4 (10.8) 3 (7.7)

Post-ARDS lung fibrosis 13 (17.1) 5 (13.5) 8 (20.5)

Pulmonary graft versus host disease 7 (9.2) 4 (10.8) 3 (7.7)

Bronchiectasis 1 (1.3) 1 (2.7) 0

Others 2 (5.4) 3 (7.7)

BTT 60 (78.9) 30 (81.1) 30 (76.9) 0.657

*Adequacy of prophylactic antibiotics 21 (27.6) 10 (27.0) 11 (28.2) 0.909

Preoperative respiratory colonisation

Positive culture in donor 34 (44.7) 19 (51.4) 15 (38.5) 0.259

Positive culture in recipient 28 (36.8) 16 (43.2) 12 (30.8) 0.260

**MDR pathogen in recipient 19 (25.0) 13 (35.1) 6 (15.4) 0.047

Clinical outcome

Postoperative ICU stay (days) 20.7±17.6 27.6±20.6 14.1±11.0 0.001

Postoperative HOS (days) 63.1±43.7 76.0±50.9 50.9±31.7 0.011

1-year survival 52 (68.4) 20 (54.1) 32 (82.1) 0.009

Data is presented as mean ± standard deviations or number (%). *, adequacy of prophylactic antibiotics. Appropriate antimicrobial 
treatment is defined as the use of agents with in vitro activity against the etiologic pathogens based on our hospital diagnostic laboratory 
results (18); **, MDR pathogen was included methicillin-resistant staphylococcus, carbapenem-resistant Acinetobacter baumannii, and 
carbapenem-resistant Pseudomonas aeruginosa. PTP, post-transplant pneumonia; PF ratio, PaO2/FiO2 ratio; TLC DR ratio, total lung 
capacity donor/recipient ratio; BMI, body mass index; DILD, diffuse interstitial lung disease; COPD, chronic obstructive pulmonary 
disease; ARDS, acute respiratory distress syndrome; BTT, bridge to transplantation; MDR, multidrug resistant; ICU, intensive care unit; 
HOS, hospital of stay.

on the univariate analysis confirmed that preoperative 
MDR colonization in recipients was significantly associated 
with PTP (P=0.018). Kaplan-Meier survival curve analysis 
showed that patients with PTP had significantly higher 
1-year mortality than those without PTP (X2=6.849, 
P=0.009) (Figure 2).

Discussion

The current study showed that preoperative respiratory 
colonization in recipients was significantly associated with 
1-year mortality. In addition, preoperative respiratory 
colonization was an important factor related to the onset 
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of early PTP, a significant risk factor for 1-year mortality. 
The 1-year mortality rate markedly differed between 
patients with and without PTP. In addition, PTP was a very 
important factor affecting both acute rejection and chronic 
rejection of the transplant and reflected the success of 
transplantation (19,20).

In addition, the MDR ratio of preoperative respiratory 

colonization was higher in patients with PTP than in 
patients without PTP. Traditionally, infection with MDR 
is the most common cause of chronic rejection (occurring 
as bronchiolitis obliterans syndrome) and the highest risk 
factor affecting long-term outcomes (21,22). The most 
common MDR organism in this study was Acinetobacter 
baumannii (AB), a gram-negative coccobacillus. MDR-AB is 
a serious ICU-acquired pathogen in various countries (23)  
that can survive in dry environments for several weeks and 
is characterized by various resistance mechanisms (22). 
Because of these properties, CRAB is considered a poorly 
resolvable pathogen in the ICU; it is an important challenge 
in the treatment of transplantation patients, because it 
is associated with high probability of pneumonia after 
transplantation. Here, we showed that MDR is not related 
to one-year mortality, but only to early PTP, suggesting 
that active treatment is required.

Considering these results, preoperative respiratory 
colonization in recipients is a powerful factor that can cause 
early PTP, increase the length of postoperative ICU, and 
increase 1-year mortality in lung transplantation patients.

Another interest ing point of  this  study is  that 
perioperative sputum colonization in donors was not 
associated with the incidence of PTP and 1-year survival, 
even when MDR was detected, indicating that the risk of 
microbial transmission from donor lung colonization is 
unlikely. A previous study showed that the rate of microbial 
transmission through the transplantation process is low, 
consistent with our findings (24). Therefore, microbial 
colonization must be considered during donor’s adequacy 

Table 4 Binary logistic regression analysis for risk factors of early postoperative pneumonia 

Variables
Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Recipient

*Age 0.974 (0.4–2.3) 0.951

Preoperative SC MDR 2.979 (1.0–9.0) 0.052 3.284 (1.2–8.8) 0.018

Donor

Preoperative SC MDR 1.550 (0.5–4.9) 0.455

BTT 1.286 (0.4–3.9) 0.657

**Appropriateness of prophylactic antibiotics 0.943 (0.3–2.6) 0.909

*, age was used as a qualitative variable with a breakpoint 55 yrs; **, adequacy of prophylactic antibiotics. Appropriate antimicrobial 
treatment is defined as the use of agents with in vitro activity against the etiologic pathogens based on our hospital diagnostic laboratory 
results (18). BMI, body mass index; SC, sputum culture; MDR, multidrug resistance; BTT, bridge to transplantation; OR, odds ratio.

Time, days
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Number at risk 
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Figure 2 Post-transplant pneumonia (PTP) was significantly 
associated with 1-year mortal i ty  in pat ients  with lung 
transplantation. Kaplan-Meier analysis. χ2=6.849, P=0.009.
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assessment, and when detected in donor lungs, it can be 
overcome through the use of appropriate antibiotics and 
lung management (18,24,25).

With regard to transplantation, the main difference 
between the lungs and other organs is that the lungs directly 
communicate with the external environment through the 
tracheobronchial tree. In this context, acquired infection 
in lung transplantation patients with immunosuppression 
may be a fundamental challenge for prognosis. Therefore, 
preoperative microbial colonization in donor or recipient 
lungs, which may be a reason for disqualification of donation 
or relative contraindication for lung transplantation, is an 
important concern.

There were some limitations in this study. Since this 
is a retrospective study conducted only at a single center, 
it is difficult to generalize our results. Second, selection 
bias may be prominent because only patients with lung 
transplantation were included, whereas other solid organ 
transplantation patients were excluded. As mentioned 
earlier, the CRAB colonization rate was higher in our 
study than in the Western ICU. Therefore, it is difficult 
to extrapolate our results to other lung transplantation 
centers, and these data should be cautiously interpreted. 
Despite these limitations, our study helps the understanding 
impact of preoperative respiratory pathogen on early lung 
transplant outcome.

Conclusions

The most important factor for PTP was recipient microbial 
colonization, but not donor colonization. PTP was 
significantly associated with 1-year mortality. Additionally, 
the proportion of MDR was higher in the PTP group than 
in the non-PTP group. This finding suggests that in order 
to improve the survival rate, recipient colonization must be 
well managed to prevent pneumonia.
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