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Abstract   

 Airway colonization with Pseudomonads, especially Pseudomonas aeruginosa (P. 

aeruginosa), is common in lung transplant (LTx) recipients. We investigated whether 

pseudomonal colonization affects the prevalence of Bronchiolitis Obliterans Syndrome (BOS) 

after lung transplantation.  

 

In this retrospective study, 92 double (SS) LTx recipients (26 Cystic Fibrosis (CF) and 

66 non-CF patients), with at least 2 consecutive postoperative broncho-alveolar lavage (BAL) 

or sputum cultures evaluated for Pseudomonads, were included. Freedom of BOS was 

investigated in post-operatively colonized and noncolonized patients.  

 

Post-operative airway colonization demonstrated to be an independent risk factor for 

BOS ≥ 1 and was associated with a worse BOS ≥ 1-free survival in univariate analysis, 

especially in CF SSLTx recipients. Multivariate analysis only demonstrated a trend for 

colonization as an independent risk factor for BOS (p=0.061), however, pointing to a possible 

role in the development of BOS.  

 

Pseudomonal airway colonization after LTx may be associated with an increased 

prevalence of BOS, especially in CF patients. Its possible pathophysiological mechanisms in 

the development of BOS need further investigation, yet induction of neutrophilic airway 

inflammation seems to be the main characteristic.   
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Introduction 

P. aeruginosa is a Gram-negative, non-acid fast, aerobic rod belonging to the genus 

Pseudomonas and the bacterial family of Pseudomonadaceae. Former Pseudomonas-species 

have recently been reclassified and belong to other genera, such as Burkholderia (B. cepacia, 

Alcaligenes xylosoxidans), Xanthomonas (Stenothrophomonas), Aeromonas, etc., generally 

referred to as Pseudomonads (1). Airway colonization with Pseudomonads, especially P. 

aeruginosa, is common in patients with altered pulmonary defences (2-6), but also in immune 

compromised LTx recipients (7-9). Particularly in CF patients, colonization with mucoid or 

multiple-antibiotic resistant P. aeruginosa or B. cepacia is associated with worse prognosis 

(10-12). It has been extensively shown that colonization triggers expression of diverse 

cytokines by structural airway cells, inducing neutrophil recruitment and thereby perpetuating a 

cycle of airway inflammation and destruction (13-18). However, whether pseudomonal airway 

colonization after LTx occurs secondary to the airway remodelling in BOS, the major cause of 

late graft failure and death in long-term survivors after LTx (19), or similarly plays a 

primordial role in its aetiology and progression on the other hand, remains elusive (7;20-22). 

The aim of the present retrospective study therefore was to assess the importance of 

pseudomonal airway colonization for the development of BOS after LTx.   
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Materials and methods 

Study population  

In this retrospective study, approved by the Ethical Review Board of the University 

Hospital Gasthuisberg, freedom of BOS was investigated in colonized and noncolonized 

SSLTx recipients, transplanted between January 2000 and December 2005, who underwent 

routine longitudinal follow-up at the outpatient clinic as previously described (17).  

Inclusion criteria were: at least 2 consecutive positive BAL or sputum cultures for 

Pseudomonads, taken after the first three post-operative weeks and with a minimum of 4 

weeks and a maximum of 6 months in between, in which period, as at the time point of 

sampling, the patient was clinically stable, immunosuppressive treatment remained unchanged 

and no new antibiotics (including azithromycin) were given.  

Exclusion criteria were: retransplantation, single lung, heart-lung or multi-organ 

transplantation, airway stenting, post-operative survival less than 6 months, follow-up less 

than one year or loss of follow up, absence of suitable culture data, concomitant infection or 

acute rejection (AR) either clinically or on transbronchial biopsies (TBB) (exclusion of 

possible subclinical AR) and suture problems (making the diagnosis of BOS difficult), post-

transplant lymphoproliferative disorder, malignancies or diffuse alveolar damage.  

BAL and sputum cultures 

For routine bacteriological cultures, 100 µl of the obtained sample was serially diluted 

on five different media (blood, mannitol salt, MacConkey, Haemophilus selective and 

Sabouraud agar). Additional media (e.g. anaerobes, Legionella, mycobacteria, …) were used 

depending on clinical suspicion. In our center, a semi-quantitative distinction is made between 

heavy (+++), mild (+) or no growth on the obtained cultures. The presence of at least one 

bacterial colony after 48 hours of incubation was considered to be significant.  
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To prevent sampling biases, all post-transplant BAL and sputum cultures of each 

recruited patient were evaluated. The post-operative day of the first of both positive cultures 

was taken as time point of ‘colonization’. Patients having a single positive pseudomonal 

culture were not included and regarded as having no suitable culture data. Similarly, 

evaluating all cultures in the 6 months preceding LTx, pre-operative colonization was defined 

as 2 consecutive positive BAL or sputum cultures as outlined above, or as pseudomonal 

growth from cultured biopsies of either of the native lung at the time of LTx.  

Infection was defined as a positive (myco-) bacterial or fungal culture or positive viral 

culture, immunoassay or molecular test on blood or BAL, combined with clinical findings 

(fever, need for antibiotic, antifungal or antiviral treatment), measurement of C-reactive 

protein (CRP, >5 mg/dl), radiological examination (new radiological infiltrates) and, if 

available, histological examination of TBB.  

Bronchoscopy with BAL and TBB  

  Bronchoscopic procedures with BAL for microbiological and virological assessment, as 

well as quantification of BAL cell differentials and IL8 protein levels, were performed as 

previously described (17). TBB were taken routinely at day 21 and 90, or if AR or infection 

was suspected based on clinical, radiological or pulmonary function criteria. TBB specimens 

were examined by a pathologist skilled in LTx according to the ISHLT guidelines (23). 

Lung function measurement 

Forced expiratory volume in one second (FEV1) was measured according to American 

Thoracic Society (ATS)-criteria (Masterscreen, Jaeger, Hoechberg, Germany) (24). BOS was 

diagnosed based on FEV1-monitoring, according to the International Society for Heart and 

Lung Transplantation (ISHLT) working formulation (25). Only BOS stages ≥1 were 

considered to assess BOS-free survival in the present study (26). 
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Therapeutic regimen 

Conventional pre- and post-operative prophylactic and immunosuppressive treatment 

are outlined in the online depository. Standard immunosuppressive regimen was not altered 

when colonization was present. Preoperative treatment with inhaled colistin for pseudomonal 

airway colonization in CF patients was post-operatively continued for 2 to 3 months to prevent 

recolonization. Antibiotic treatment for bacterial infection after LTx was guided using 

bacteriologic cultures; airway colonization, however, was not treated by antibiotics, except in 

those patients with recurrent infections due to multi-resistant pseudomonads, in whom 

maintenance therapy with inhaled colistin was started. Azithromycin treatment for chronic 

rejection was not started until BOS stage ≥ 0-p was diagnosed. 

Statistical analysis and data management 

Using Graphpad Prism 4.0 (San Diego, CA, USA), survival analysis was performed 

with the χ² test. Contingency tables were evaluated using the Fisher’s Exact test, non-

parametric correlation using the Spearman rank test and the Mann-Whitney-U test was used 

where appropriate. For multivariate analysis, clinically relevant variables that significantly 

correlated with BOS in univariate analysis (Spearman rank test), were subsequently entered in 

a stepwise multivariate logistic regression model using SAS Institute Inc. Software (Cary, NC). 

Results of the data are presented as median and inter-quartile range or as percentages. 

Significances (p two tailed) are presented as *: p<0.05, **: p<0.01 and *** p<0.005. 
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Results 

Study population 

Out of all 126 SSLTx recipients transplanted between January 2000 and December 

2005 in our centre, 92 SSLTx recipients, 26 CF and 66 non-CF patients, were included in the 

current study based on the aforementioned inclusion and exclusion criteria. Patients’ 

characteristics are given in Table 1. Exclusion criteria for the not-included patients (n=34) are 

listed in table 2. In the included SSLTx recipients, independent clinical variables that 

significantly correlated with the development of BOS were both total number and grade of 

histological confirmed AR and lymphocytic bronchitis/bronchiolitis, total number of 

pulmonary (non-CMV) infections requiring hospital admission and intravenous antibiotic 

treatment, pseudomonal airway colonization and treatment with tacrolimus (Table 3) (27). 

Treatment with tacrolimus was somewhat associated with both the total number of AR 

(p=0.06) and CMV-infections (p=0.09, Spearman rank test), reflecting that 

immunosuppressive treatment with cyclosporine was most often switched to tacrolimus in 

these conditions. 

Airway colonization and inflammation 

A total of 756 BAL samples (8 (5-10) per patient) and 1184 sputum samples (9 (5-15) 

per patient) were analyzed to determine post-transplant airway colonization in the 92 included 

SSLTx recipients. BAL sample numbers per patient were generally comparable between 

colonized and noncolonized patients: 9 (5-11) vs. 7 (5-10) (p=NS), sputum sample numbers 

per patient were higher in colonized patients: 13 (7-24) vs. 8 (4-11) (p=0.004). Of all BAL 

samples, 21 % was regarded as being colonized, whereas 25 % of all sputum samples were 

positive for Pseudomonads.  

Almost all CF SSLTx recipients were pre-operatively colonized with Pseudomonads, 

whereas fewer regained post-operative colonization. A minority of the non-CF SSLTx 
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recipients on the other hand, was pre-operatively colonized, but post-operatively this number 

almost tripled (Table 1). Time to pseudomonal (re)colonization after LTx was comparable 

between CF and non-CF SSLTx recipients (p=NS) (Table 1). Pre-operative as well as post-

operative colonization was mainly due to P. aeruginosa (Table 1). Post-operatively, coincident 

colonization with non-pseudomonal species was seen in both the CF (E. coli, n=2) and the 

non-CF SSLTx recipients (Serratia sp., n=3; Enterobacter sp., n=1), in both groups, 

intermittent concurrent colonization of P. aeruginosa with other pseudomonads was more 

frequent and most often seen with Stenotrophomonas species. Pulmonary (non-CMV) 

infections (including those caused by P. aeruginosa) after the onset of colonization, were 

more frequent in colonized compared to noncolonized SSLTx recipients, and this for both CF 

as well as non-CF SSLTx recipients (p=0.07 and p=0.04 respectively).  

Inhaled colistin as an early post-operative prophylactic treatment was only used in CF 

SSLTx recipients, whereas maintenance therapy with colistin via nebulisation was used later 

on in 3 non-CF SSLTx recipients because of recurrent infections due to multi-resistant 

pseudomonads (Table 1). Time to recolonization was comparable between patients with or 

without prophylactic colistin: 111 (43-422) vs. 94 (46-321) days (p=NS). Azithromycin 

treatment for BOS stage ≥ 0-p was initiated at comparable post-operative days in CF and non-

CF SSLTx recipients (p=NS), as well as in colonized and noncolonized patients (p=NS) 

(Table 1). The prevalence of azithromycin treatment was comparable in CF and non-CF 

SSLTx recipients, however, it was generally higher in colonized compared to noncolonized 

patients (Table 1). After the onset of colonization, both BAL neutrophilia and IL8 protein 

levels were generally higher in colonized patients and both decreased to comparable levels 

between colonized and non-colonized patients after azithromycin treatment was started (figure 

in online depository).  
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Freedom of BOS 

In general, a worse BOS ≥ 1-free survival could be demonstrated in colonized patients 

(p=0.001) (Figure I, A) (Table 1), resulting in an odds ratio of 4.57 (95% CI 1.65-12.67) 

(p=0.003) in univariate analysis and 3.077 (95% CI 0.95-9.99) (p=0.061) in multivariate 

analysis (Table 3). Time to onset of BOS ≥ 1 was comparable in colonized vs. noncolonized 

patients (p=NS) (Table 1). Pseudomonal colonization after the onset of BOS ≥ 1 occurred in 

none of the patients and preceded the onset of BOS stage ≥ 1 by 181.5 (122-218.5) days in CF 

and 509 (37-784.5) days in non-CF SSLTx recipients (p=NS) (Table 1). Of the CF SSLTx 

recipients who developed BOS stage ≥ 1, all were colonized (Table 1), resulting in a worse 

BOS ≥ 1-free survival of colonized patients (p=0.013) (Figure I, B) and an odds ratio of 21.00 

(95% CI 1.05-418.80) (p=0.009; univariate analysis). A significant correlation between the 

onset (post-operative day) of colonization and BOS stage ≥ 1 could be demonstrated in CF 

SSLTx recipients who developed BOS (n=8) (r=0.95, p=0.001) (Figure II). In non-CF SSLTx 

recipients, no difference in BOS ≥ 1-free survival was observed in colonized patients, although 

a trend was seen (p=0.079; univariate analysis) (Table 1, Figure I, C).  

Overall survival 

Actuarial overall survival only demonstrated a trend for a worse survival in colonized 

patients (p=0.068) (figure III). Of the deceased CF SSLTx recipients, both had developed BOS 

(stage 2 and 3 respectively) and both were colonized, however, both patients died of non-

Pseudomonal sepsis. Of the non-CF SSLTx recipients, two colonized patients (both in BOS 

stage 1) died because of pulmonary P. aeruginosa infection complicated with alveolar bleeding 

or broncho-vascular fistulisation, another colonized patient (in BOS stage 3) died because of 

end-stage chronic allograft rejection and one (in BOS stage 2) of respiratory Scaedosporium 
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infection. Two noncolonized patients (both in BOS stage 0) died of acute heart failure and one 

(in BOS stage 2) of PTLD.  

Discussion  

In the current study we evaluated the importance of pseudomonal airway colonization 

for the development of BOS after LTx. Post-operative airway colonization demonstrated to be 

an independent risk factor for BOS ≥ 1 and was associated with an increased prevalence of 

BOS ≥ 1 in univariate analysis, resulting in a worse BOS-free survival, especially in CF SSLTx 

recipients. Multivariate analysis demonstrated only a trend for colonization as an independent 

risk factor for BOS (p=0.06), pointing to a possible role in the development of BOS.  

The importance of airway colonization in LTx remains difficult to investigate since 

there is currently no consensus on an appropriate definition in this setting. Even in the CF 

population, with a high prevalence of colonization, there is no consensus on the appropriate 

definition (5;6). To differentiate colonization from infection, protected brush catheter cultures 

(regarded as the ‘gold standard’), quantitative BAL and sputum cultures are being used, 

however, not consistently in identical settings, making comparison between studies difficult (2-

5;28-33). Regular BAL, which has a high diagnostic accuracy for the detection of lower airway 

inflammation, is also a generally accepted tool to assess airway inflammation (28-33). Hence, 

in the present study, colonization was defined as isolation of Pseudomonads from at least 2 

consecutive BAL or sputum cultures, as determined by the aforementioned criteria.  

P. aeruginosa has evolved into one of the most common and refractory nosocomial 

pathogens of immune compromised patients due to its resistance to many antibiotics and 

predilection to colonize surfaces, especially injured epithelium, in a biofilm form, orchestrated 

by intercellular ‘quorum sensing’ signalling molecules (QSM) (34;35). QSM, which 

endobronchial presence was demonstrated in colonized CF patients (36-39), but also in 
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clinically stable, though possibly colonized, LTx recipients (40), have an intrinsic immune-

modulatory capacity resulting in suppressed T-cell proliferation, neutrophil chemotaxis and 

chemokine (especially IL8) or cytokine release from bronchial epithelial cells (41-42). As we 

have previously shown that transient airway colonization after LTx is associated with airway 

inflammation (17), it is conceivable that chronic airway colonization with P. aeruginosa, 

causes IL8-dependent neutrophilic airway inflammation (as confirmed by our current data, see 

online supplement), eventually leading to a self-perpetuating cycle of airway damage and 

subsequently airway remodelling, as seen in COPD (2), CF (13-15) and bronchiectasis (45). 

Since neutrophilic airway inflammation is accepted as the main characteristic of chronic 

allograft rejection in LTx (46-48), one can presume that persistent airway colonization with 

Pseudomonads facilitates the development of BOS after LTx.  

In the LTx setting, respiratory epithelial injury could be due to allograft preservation 

injury, reperfusion injury or acute cellular rejection, possibly explaining the high prevalence of 

P. aeruginosa colonization. Especially pre-operatively colonized patients (mainly CF), seem to 

be at risk, possibly because the resident bacteria in the upper respiratory tract and sinuses have 

a direct and early access to the healing allograft. The significant correlation between the post-

operative day of (re)colonization and the time to onset of BOS in CF SSLTx recipients in the 

current study may support the hypothesis that particularly early colonization is detrimental for 

the evolution to BOS. As a consequence of the latter and another study wherein CF patients 

underwent hygienic sinus surgery and nasal care post-LTx, resulting in a lower incidence of 

colonization and a trend for a lower incidence of BOS after LTx (49), an early prophylactic or 

even preventive therapy for colonization in LTx recipients could be warranted. However our 

study was not designed to investigate this question, early post-operative prophylactic treatment 

with inhaled colistin did not seem to prevent recolonization in CF SSLTx recipients. 

Macrolide-therapy with azithromycin, which not only inhibits the production of cytokines and 
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oxidative stress in structural airway cells (50), but also of bacterial virulence factors such as 

proteases and QsM (51-53), could therefore be a theoretical option in these patients. Though 

there was a remarkably higher prevalence of azithromycin treatment in colonized patients in the 

current study, in most cases, however, this was not started until BOS 0-p had been diagnosed, 

therefore mainly after colonization already had occurred.  

Some remarks can be made concerning the present study. First, the main limitation of 

our study is its retrospective design, the relatively small number of patients and time of 

sampling. The first days or weeks after transplantation may be a critical time for 

(re)colonization, especially in CF patients, yet it is difficult to classify cultures obtained in this 

time frame to be ‘colonized’ or not given that during the early post-operative phase serum 

CRP-levels are generally elevated and all transplant patients are receiving antibiotic 

prophylaxis. Only cultures obtained after discharge of the transplanted patient were therefore 

used for evaluation, possibly explaining why actual time to colonization in the CF and non-CF 

recipients is comparable. When the culture data during this post-operative period were 

reanalyzed, BAL/sputum cultures positive for pseudomonads were present in most (n=12/16) 

colonized CF patients after a median of 2 days (1-7) post-LTx, whereas in only 2/23 colonized 

non-CF patients pseudomonads were cultured in this period before discharge (median 8.5 

days), suggesting earlier colonization in CF compared to non-CF patients. Next, our working 

definition of colonization not only reflects pseudomonal colonization of the lower airway tract, 

but of the entire tracheobronchial tree, however, an association between lower airway 

colonization and upper airway bacterial load and IL8 levels was recently demonstrated (54). 

Because airway colonization can not always be detected using solely BAL or sputum as 

surveillance tools, both were combined to increase the sensitivity of detection, although 

quantitative cultures or measurement of pseudomonal antibody levels were not performed. The 

stronger association with BOS in the CF subgroup could be partly due to this methodological 
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approach. The semi-quantitatively reporting of bacterial growth on the obtained cultures in our 

center, nevertheless, is of no importance regarding the routine follow-up, immunosuppressive 

and prophylactic treatment after LTx, because there is no difference in follow-up or treatment 

between recipients with heavy, mild or no growth in the absence of clinically overt 

inflammation, as outlined above. Since clinical data were used to discriminate infection from 

true colonization after discharge and comparable sample numbers of (pre- and post-transplant) 

BAL and sputum cultures were evaluated for each patient in the different groups, sampling 

biases were avoided and the probability of misclassification (i.e. considering colonization to be 

present when it is not, or vice versa) reduced. Furthermore, including only SSLTx recipients 

prevented infection or ‘spill-over’ contamination of the native lung as a confounder. Although 

we did not adjust our analysis specifically for P. aeruginosa infections (or its antibiotic 

treatment) after inclusion, pulmonary (non-CMV) infections in general (including those caused 

by P. aeruginosa) were more frequent in colonized patients, which might ultimately result in 

worse BOS ≥ 1-free survival. Nonetheless, it is conceivable that colonization not only induces 

persistent low-grade airway inflammation, but may also be associated with an increased risk of 

infections thereafter. Even though BOS stage ≥ 1 is a rather late sign of airway involvement, 

only BOS stages ≥1 were considered to assess BOS-free survival in the present study as it is a 

more robust end-point for analysis than BOS stage 0-p, which has a relatively low positive 

predictive value for reaching BOS ≥ 1 within 1 year of developing BOS 0p (26). Even so, it is 

possible that colonization mostly occurred in patients who already had evolved to BOS 0-p, 

thus already having bronchiolar lesions. Colonization after the onset of BOS 0-p, however, 

only occurred in 2 CF patients and in either case within days after BOS 0-p was diagnosed, 

which may suggest that colonization was already present before the onset of BOS 0-p, but 

underestimated. Finally, the fact that overall survival only showed a trend for worse survival in 

colonized recipients, despite the higher prevalence of BOS, might be due to the fact that only 
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double lung transplant recipients were included in the present study, generally having a better 

overall survival after LTx, specifically after the onset of BOS, than single lung recipients (55). 

This may explain the failure to show a significant difference in survival outcomes after the 

onset of BOS within the time frame of follow-up in the current study (median 3.3 years). 

Furthermore, after the onset of BOS, therapeutic interventions (as for instance the start of 

azithromycin therapy) might stabilize further FEV1-decline, postponing mortality due to 

respiratory failure because of BOS.  

In conclusion, pseudomonal airway colonization after LTx may be a risk factor for the 

development of BOS, especially in CF patients. Its possible role and pathophysiological 

mechanisms in the development of BOS need further investigation, yet the induction of 

neutrophilic airway inflammation seems to be the main characteristic. However, to confirm the 

present findings, more (preferably multi-center) studies on a larger patient population are 

required, necessitating a more intense vigilance for and regular, standardized assessment of 

airway colonization in the follow-up of LTx recipients.  
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Table 1: Included patients’ characteristics 

Group (n-value) Total group (92) CF (26) Non-CF (66) 
Age at SSLTx (years) 43.5 (27.5-53) 26 (21.5-31.5) 48.5 (43-54) 
Gender (Male/Female) 52/40 14/12 38/28 
Pre-LTx diagnosis    
   α1-Antitrypsin Deficiency 7 0 7 
   Bronchiectasis 4 0 4 
   Cystic Fibrosis 26 26 0 
   Emphysema (COPD) 31 0 31 
   Pulmonary Arterial Hypertension 6 0 6 
   Pulmonary Fibrosis 13 0 13 
   Obliterating Bronchiolitis 2 0 2 
   Other 3 0 3 
Pre-LTx colonization with Pseudomonads 33/92 (35.8 %) 25/26 (96.1 %) 8/66 (12.1 %) 
   Alcaligenes 2 2 0 
   Burkholderia 1 1 0 
   Pseudomonas  26 21 5 
   Stenotrophomonas 4 1 3 
Post-LTx colonization with Pseudomonads 39/92 (42.4 %) 16/26 (61.5 %) 23/66 (34.8 %) 
   Alcaligenes 1 1 0 
   Burkholderia 1 1 0 
   Pseudomonas  35 14 21 
   Stenotrophomonas 2 0 2 
Time of follow-up (days) 1213 (718-1736) 1126 (779.5-2033) 1255 (671.5-1686) 
Time to colonization with Pseudomonads (days) 131 (79-421) 121 (46-445) 179 (88-396) 
Interval colonization to BOS  ≥≥11  ((ddaayyss)) 196.5 (79-672.5) 181.5 (122-218.5) 509 (37-784.5) 
Time to BOS ≥≥11  ((ddaayyss))    
   All patients 505 (326-1192) 426 (272-862) 559 (337-1231) 
   Noncolonized patients  559 (326-1466) / 559 (326-1466) 
   Colonized patients 479 (323-924) 426 (272-862) 581 (372-1002) 
Prevalence of BOS ≥≥11    
   All patients 23/92 (25 %) 8/26 (30.7 %) 15/66 (22.7 %) 
   Noncolonized patients 7/53 (13.2 %) 0/10 (0 %) 7/43 (16.2 %) 
   Colonized patients 16/39 (41.0 %) 8/16 (50 %) 8/23 (34.8 %) 
Time to inhaled Colistin treatment (days)  9.5 (2-15.5) 9 (2-12.5) 200 (/) 
Duration of Colistin treatment (days) 80 (64.5-134.5) 76 (58.5-93) 239 (/) 
Prevalence of Colistin treatment    
   All patients 20/92 (21.7 %) 17/26 (65.4 %) 3/66 (4.5 %) 
   Noncolonized patients 6/53 (11.3 %) 6/10 (60 %) 0/43 (0 %) 
   Colonized patients 14/39 (35.9 %) 11/16 (68.8 %) 3/23 (13 %) 
Time to Azithromycin treatment (days) 399 (131-761) 493 (378-597.5) 240.5 (105-908) 
Prevalence of Azithromycin treatment     
   All patients 35/92 (38 %) 9/26 (34.6 %) 26/66 (39.4 %) 
   Noncolonized patients 13/53 (24.5 %) 0/10 (0%) 13/43 (30.2%) 
   Colonized patients 22/39 (56.4 %) 9/16 (56.3 %) 13/23 (56.5 %) 
Mortality    
   All patients 9/92 (9.8 %) 2/26 (7.7 %) 7/66 (10.6 %) 
   Noncolonized patients 3/53 (5.7 %) 0/10 (0 %) 3/43 (6.9 %) 
   Colonized patients 6/39 (15.4 %) 2/16 (12.5 %) 4/23 (17.4 %) 
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Table legend 

Patient characteristics are given for all included SSLTx recipients (n=92): 26 Cystic Fibrosis (CF) and 

66 non-Cystic Fibrosis SSLTx recipients (non-CF). Data are presented as median and inter-quartile 

range or as percentage. Abbreviations: (SS)LTx: (double) lung transplantation, COPD: Chronic 

Obstructive Pulmonary Disease, BOS: Bronchiolitis Obliterans Syndrome. 

 

 

 

Table 2: Excluded patients 

Group (n-value) Total group (34) CF (6) Non-CF (28) 
Exclusion criterion    
   Suture problems 8 0 8 
   Early postoperative death 7 0 7 
   Absence of suitable culture data 6 3 3 
   Post-operative malignancies 3 0 3 
   Neuromuscular disease 3 0 3 
   Follow-up in another country 2 1 1 
   Multi-organ transplantation 1 1 0 
   Retransplantation 1 0 1 
   Airway stenting 1 1 0 
   Chylothorax 1 0 1 
   Diffuse alveolar damage 1 0 1 
 

Table legend 

Exclusion criteria listed for Cystic Fibrosis (CF, n=6) and non-Cystic Fibrosis (non-CF, n=28) SSLTx 

recipients. 
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Table 3: Clinical correlates for BOS in single and multivariate analysis model (n=92) 

Single analysis r p-value 

   Acute rejection 0.48          <0.0001 (***) 

   Lymphocytic bronchitis/bronchiolitis 0.47          <0.0001 (***) 

   Pulmonary (non-CMV) infections 0.47          <0.0001 (***) 

   Colonization 0.32         0.002 (***) 

   Immunosuppressive treatment (Tacrolimus) 0.21      0.044 (*) 

   Time of ischemia 0.06 0.573 

   CMV pneumonitis 0.02 0.874 

   Sex -0.01 0.904 

   Age -0.15 0.165 

Multivariate analysis Odds ratio (95 % CI) p-value 

   Colonization 3.08 (0.95-9.99) 0.061 

 

Table legend 

Clinical correlates for BOS in univariate analysis (Spearman rank test) were subsequently included in a 

stepwise multivariate analysis (multivariate logistic regression), correcting each correlate for the 

former, to determine if colonization is an independent risk factor for the development of BOS. 
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Figure legendes  

 

Figure I: Freedom of BOS  

A: Total group:  

BOS ≥ 1-free survival of colonized (C, n=39) compared to noncolonized (NC, n=53) SSLTx 

recipients.  

B: CF subgroup:  

BOS ≥ 1-free survival of colonized (C, n=16) compared to noncolonized (NC, n=10) SSLTx 

recipients.  

C: nCF group:  

BOS ≥ 1-free survival of colonized (C, n=23) compared to noncolonized (NC, n=43) SSLTx 

recipients.  

Significances (p two tailed) are presented as *: p<0.05, **: p<0.01 and ***:  p<0.005. 

 

Figure II: Correlation between onset of colonization and BOS ≥ 1 

Spearman rank correlation (with regression line and 95 % confidence intervals calculated by 

univariate regression model) between the post-operative day of colonization (days) and onset  

of BOS ≥ 1 (days) in CF SSLTx recipients (left panel A, n=8, Spearman r=0.95, p=0.001,  

power for α 0.05 (two-sided) =0.989) and Non-CF SSLTx recipients (right panel B, n=8,  

p=NS).  

Figure III: Overall survival all SSLTx recipients 

Overall survival of colonized (C, n=39) compared to noncolonized (NC, n=53) SSLTx 

recipients. Survival curve was censored to survival at 6 months. Significances (p two tailed) 

are presented as *: p<0.05, **: p<0.01 and ***:  p<0.005. 
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Figures 
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Figure II:  
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Figure III:  
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Online depository 

 

Conventional pre- and post-operative prophylactic and immunosuppressive regimen: 

Preoperatively, all patients underwent selective bowel decontamination (Colimycin 

1x106 E, Tobramycin 80 mg, Amphotericin B 500 mg po), which was continued as long as the 

patients were intubated.  

Immunosuppressive treatment consisted of pre-operative azathioprine (2mg/kg qd IV), 

methylprednisolone (500 mg IV) during operation and an early post-operative conventional 

immunosuppressive regimen including methylprednisolone (125 mg tid IV for 24 hours), a 

purine synthesis inhibitor: azathioprine (1.5-2.5 mg/kg qd IV) or mycophenolate mofetil (1 g 

bid po) and a calcineurin inhibitor: cyclosporine A (2 mg/kg/day continuous IV) or tacrolimus 

(0.01-0.015 mg/kg/day continuous IV), besides rATG (3 mg/kg qd IV for 3 days). Before 

discharge, immunosuppressives were tapered to oral doses of methylprednisolone (0.2-0.4 

mg/kg IV qd), azathioprine (50-150 mg qd po) or mycophenolate mofetil (1 g bid po) and 

cyclosporine A (3-6 mg/kg qd po) or tacrolimus (0.1-0.3 mg/kg bid po) according to trough 

levels (250-300 and 12-15 ng/ml respectively).  

Post-operative antibiotic prophylaxis consisted of Cefazolin (2 g tid IV) and 

Tobramycin (6 mg/kg qd IV) for 48 hours (no infection) or IV antibiotics based on recent 

preoperative cultures for 2 weeks (infection), CMV prophylaxis with Ganciclovir (5 mg/kg qd. 

or bid IV for 4 weeks followed by 1 g tid po for 4 weeks depending on the CMV status of 

donor and recipient), Herpes prophylaxis with Acyclovir (5 mg/kg tid IV followed by 800 mg 

tid po for 3 months), as well as Aspergillus prophylaxis with Amphotericin B aerosols (5 mg 

bid for 4 to 10 weeks) and long-term Pneumocystis prophylaxis with sulfamethoxazole-

trimethoprim (800/160 mg qd po, twice a week). In CF patients preoperatively treated with 

inhaled colistin for pseudomonal colonization, this was continued postoperatively for 2 to 3 
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months to prevent recolonization. Standard immunosuppressive regimen was not altered when 

colonizion was present. All patients received a prophylactic H2-receptor antagonist or a low 

dose proton pump inhibitor if gastro-oesophageal reflux had been diagnosed before LTx. 

Postoperative AR was treated with methylprednisolone (0.5 to 1 g qd IV for 3 days, 

tapered to the maintenance dose over the next weeks), as well as conversion from cyclosporine 

A to tacrolimus for recurrent AR and rATG (3 mg/kg qd IV for 10 days) for persistent AR. 

Azithromycin (AZI) treatment for chronic rejection was started when BOS stage ≥ 0-p was 

diagnosed (250-500 mg qd po for 5 days followed by 250-500 mg qd po three times a week). 

Progression of BOS was treated with rapamycin (dose according to trough levels of 4-8 

ng/ml), total lymph node irradiation or retransplantation. CMV disease was treated with 

Ganciclovir (5 mg/kg bid IV for 2 weeks), Aspergillus infections preferentially with 

Voriconazole IV (3-4 mg/kg bid) or orally (200 mg bid) if possible. 
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Figure: Evolution of BAL neutrophilia and IL8 protein levels in colonized and noncolonized  

 SSLTx recipients. 
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Evolution of neutrophilia (%) and IL-8 protein levels (pg/ml, ELISA) in BAL samples, without 

concurrent acute rejection or infection, routinely taken at day 180, 360, 540 and 720 after LTx in 

noncolonized (NC) and colonized (C) SSLTx recipients. Data are presented as column bars with 

standard error of the mean, ***: p (two tailed) <0.001.  

 


