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Abstract

Background: Lung transplant patients experience a high risk of airway infections and
microbial colonization of the lung due to constant exposure to the environment
through inhaled microorganisms, denervation, reduced ciliary transport, and de-
creased cough.

Methods: In this nationwide prospective study on Swedish lung transplant patients,
we evaluated the microbiological panorama of bacteria, fungi, and virus found in
bronchoalveolar lavage fluid (BALF) obtained the first year after lung transplantation
(LTx). Differences in microbiological findings depending of concomitant signs of in-
fection and background factors were assessed.

Results: A total of 470 bronchoscopies from 126 patients were evaluated. Sixty-two
percent (n = 293) of BALF samples had positive microbiological finding(s). Forty-six
percent (n = 217) had bacterial growth, 29% (n = 137) fungal growth, and 9% (n = 43)
were positive in viral PCR. In 38% of BALF samples (n = 181), a single microbe was
found, whereas a combination of bacteria, fungi or virus was found in 24% (n = 112)
of bronchoscopies. The most common microbiological findings were Candida albi-
cans, Pseudomonas aeruginosa and coagulase negative Staphylococcus (in 42 (33%), 36
(29%), and 25 (20%) patients, respectively). Microbiological findings were similar in
BALF from patients with and without signs of lung infection and the frequency of
multidrug resistant (MDR) bacteria was low. No significant association was found
between background factors and time to first lung infection.

Conclusion: This study gives important epidemiologic insights and reinforces that
microbiological findings have to be evaluated in the light of clinical symptoms and
endobronchial appearance in the assessment of lung infections in lung transplant

patients.
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1 | INTRODUCTION

Lung transplantation (LTx) increases as a treatment option for end
stage lung disease. Although mortality post transplantation has
decreased with modern surgical techniques and pharmaceutical
regimes, 5-year mortality has been reported to be around 50%, of
which infections are the predominant cause of death during the first
year post LTx.! The constant exposure to the environment through
inhaled microorganisms together with denervation, reduced ciliary
transport and decreased cough, increase the risk of lung infections.
Moreover, heavy immunosuppressive therapy leads to decreased
immune defense. Bronchoalveolar lavage (BAL), including microbi-
ological cultures and PCR, are performed in lung transplant patients
for surveillance and in response to clinical symptoms to guide antibi-
otic therapy. As the microbiological panorama differs by geograph-
ical region, especially with regards to multidrug resistant bacteria
(MDR), it is important to map the local epidemiology. Previous stud-
ies of microbiology in lung transplant patients have focused on infec-
tions rather than the total panorama of microbiological findings.?®
Moreover, most studies of lung infections in lung transplant patients
are single center reports with a small number of patients. In Sweden,
LTx is performed at two centers only, Skane University Hospital,
Lund and Sahlgrenska University Hospital, Gothenburg. The primary
aim of this nationwide prospective study was to examine the micro-
biological panorama in BALF of lung transplant patients in Sweden
during the first-year post transplantation and to compare findings in

patients with and without signs of lung infection.

2 | MATERIAL AND METHODS

2.1 | Study setting and patient population

This prospective cohort study included all adult patients accepted
for LTx during May 2012 to December 2014 in Gothenburg and
October 2012 to December 2014 in Lund. Patients under 18 years
of age and patients with post-operative follow up at other sites were
excluded. All patients were followed up for 1 year after transplanta-
tion. Written informed consent was obtained from all study partici-
pants. The study was approved by the Regional Ethics Committee
(Reg nr433-08) and performed in accordance with the ethical stand-
ards of the 1964 declaration of Helsinki and its later amendments.

2.2 | Immunosuppressive and prophylactic
strategies

Standard protocol for immunosuppression included induction ther-
apy with ATG (anti-thymocyte globulin), followed by tacrolimus or
ciclosporin, mycophenolate mofetil, and steroids. All lung transplant
recipients received Pneumocystis prophylaxis with co-trimoxazole.
Cytomegalovirus (CMV) prophylaxis with valganciclovir was given to
all participants, with the exception of patients in Gothenburg when
both donor and recipient were CMV negative. In Lund, patients

received fungal prophylaxis with fluconazole for 3-6 months,
whereas patients in Gothenburg received oral nystatin for at least
3 weeks. Standard perioperative antibiotic treatment was cefotax-
ime in Gothenburg and imipenem in Lund. Post-operative modifica-
tions or termination of antibiotic treatment was done according to
perioperative donor and recipient cultures.

2.3 | Sample collection and microbiology analyses

During the LTx procedure, bacterial and fungal cultures were ob-
tained from the donor and recipient lungs. The recipients were then
followed during the first year after LTx with routine bronchoscopies
at 3, 6, and 12 months post transplantation, and additional bronchos-
copies were performed in response to clinical symptoms. BAL proce-
dure followed standardized protocols. Microbiology analyses were
performed at the Microbiological Department, Skane University
Hospital and Sahlgrenska University Hospital according to stand-
ard protocols.”® All BALF samples were analyzed with bacterial and
fungal cultures, including microscopy for fungal elements and PCR
for Mycoplasma pneumoniae, Chlamydia pneumoniae and Legionella
pneumophila. MDR Pseudomonas aeruginosa was defined as resist-
ance against meropenem and at least one agent in three or more
categories of anti-pseudomonal antibiotics. The definition is based
on criteria published by Magiorakos et al’, with the modification that
resistance against meropenem had to be present. A panel of airway
viruses was analyzed with multiplex PCR, including; Parainfluenza
1, 2 and 3, Respiratory Syncytial Virus (RSV), Influenza A and B,
Adenovirus, Metapneumovirus, Coronavirus (OC 43, 229E, NK-63,
HKU1), Enterovirus, Rhinovirus, and Bocavirus.'® In Lund, additional
PCR for herpes simplex virus (HSV) 1 and 2 was performed with an
in-house method. Presence of Pneumocystis jiroveci was analyzed
with PCR or immunofluorescence of BALF. CMV in blood or plasma
was determined with quantitative PCR. All BALF samples from Lund
were routinely stained and cultured for mycobacteria. BALF samples
from Gothenburgh were analyzed for mycobacteria when there was
a pretransplant history of mycobacterial infection.

Transbronchial biopsies (TBB) were analyzed at the Department
of Pathology at Skane University Hospital and Sahlgrenska University
Hospital. Rejection was defined and graded AO-A3 according to the
International Society for Heart & Lung Transplantation.12

2.4 | Clinical data and definitions

Bronchoscopies with positive microbiological finding(s) were clas-
sified as pneumonia in the presence of at least one of the follow-
ing clinical criteria; new or increased cough, dyspnea, increased
sputa, fever >38°C, worsening gas exchange, or white blood cell
count >15 x 10%/L, together with new (within 7 days before or
after bronchoscopy) infiltrates in chest radiology (x-ray or CT scan).
Bronchoscopies with positive microbiological finding(s) were classi-
fied as tracheobronchitis in the presence of clinical signs as above
with noinfiltrates on chest radiology but one or more of the following
macroscopic endobronchial abnormalities: inflamed endobronchial
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TABLE 1 Patient characteristics

Total patients n 126
Gender male/female n 61/65
Age at tx. years median (range) 57 (18-70)
Transplantation

Single n (%) 18 (14)
Double n (%) 108 (85)
Underlying diagnosis n patients (%)
Chronic obstructive pulmonary disease 33(26)
Pulmonary fibrosis 31 (25)
Cystic fibrosis 18 (14)
Alpha-1 antitrypsin deficiency 17 (13)
Pulmonary arterial hypertension 7 (6)
Re-transplantation 6 (5)
Sarcoidosis 2(2)
Bronchiectasis 2(2)
Bronchiolitis obliterans syndrome 2(2)
Emphysema 2(2)
Other 6(5)

mucosa, endobronchial lesion (white/yellow) with/without necrotic
changes, and purulent secretion. Pneumonia and tracheobronchitis
are referred to as bronchoscopies with “signs of infection” in the
text. CMV pneumonitis was defined as airway symptoms as de-
scribed above, >1000 CMV copies/mL in blood, and findings of inclu-
sion bodies in TBB. A minimum of 30 days between lung infections
were allowed to be considered a new episode. Bronchoscopies with
positive microbiological finding(s) were classified as “no infection” in
the absence of clinical and/or radiologic or macroscopic pathology.
Growth of pharyngeal flora was considered as contamination and
classified as negative microbiology.

Clinical data were recorded at time of bronchoscopy in a study
protocol, and retrieved retrospectively from patient records. Time
after transplantation was categorized: <1 month, 1-3 months,
3-6 months, 6-9, and 9-12 months after LTx. Microbiological find-
ings were grouped into Gram-negative bacteria (G-), Gram-positive
bacteria (G+), yeast, mold, and virus. P.aeruginosa was analyzed
separately.

2.5 | Statistical analysis

Numerical data are presented as median and range. Chi-squared,
rank sum, Kruskall-Wallis tests, logistic regression and analysis of
variance were used to assess the distribution of background factors
among different bacterial groups, lung infections and time periods.
Since participants underwent varying numbers of bronchoscopies in
the study, and several patients had recurrent findings of the same
pathogen in BALF, the frequency of individual microbes is reported
as the total number of patients with the actual finding. Grouped mi-
crobiological findings during the first year are presented as percent

of patients with a bronchoscopy within the specified time period. In
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contrast to overall microbiological findings, lung infections are pre-
sented as number of episodes and not as a proportion of patients.
The association between background data (gender, age at LTx, type
of LTx and underlying disease, type of immunosuppression, positive
or negative donor cultures) and time to first lung infection was esti-
mated with Cox regression. All statistical tests were two-sided, and
95% Cls that did not overlap 1.0 and P-values less than 0.05 were
considered statistically significant. Analyses were performed using
the STATA/SE (version 13.1 for Windows; StataCorp LP, College
Station, TX, USA), Graphpad Prism 6 (GraphPad Software; La Jolla,
CA, USA) and SPSS (version 20.0; SPSS, Armonk, NY, USA).

3 | RESULTS

3.1 | Patient cohort and bronchoscopies

In total, 135 of 146 (92%) patients eligible for inclusion were consec-
utively included in the study. Nine patients were unable to give in-
formed consent, one patient declined participation and one patient
was not included for unknown reasons. Nine patients died before
any bronchoscopy was performed, resulting in 126 patients (97 from
Gothenburg and 29 from Lund) prospectively followed up for 1 year
after LTx.

The participants had a median age of 57 years, 52% were women,
85% underwent double lung transplantation, and chronic obstruc-
tive pulmonary disease (COPD) was the most common underlying
disease. For detailed patient characteristics, see Table 1. Eighty-
eight patients (70%) received post-transplant immunosuppression
with ciclosporin and 38 (30%) with tacrolimus. Patients with cystic
fibrosis were more likely to receive tacrolimus than ciclosporin (72%
vs 23%, P < 0.01). No other differences in choice of immunosuppres-
sion depending on background diagnosis were found.

During the study period, 470 bronchoscopies were performed
with a median of three per patient (range 1-10). Two hundred and
eleven bronchoscopies (45%) were routine procedures, whereas
259 (55%) were performed on clinical indication. The bronchosco-
pies were distributed over the first post-operative year as shown
in Figure 1. All samples were analyzed for bacterial and fungal
growth, including microscopy for fungal elements, and with PCR
for Mycoplasma, Chlamydia, and Legionella. Multiplex PCR for air-
way viruses were analyzed in 342 samples (73%). Pneumocystis was
analyzed in 416 samples (89%). Nineteen patients (15% of the total
study population) had negative BALF cultures/PCRs throughout fol-
low up. Of the remaining 107 patients with positive microbiology, 50
patients had no episode with signs of lung infection. Fifty-seven pa-
tients had at least one episode with signs of lung infection, of which
38 patients had at least one pneumonia and 19 patients had at least
one episode of tracheobronchitis but no pneumonia.

3.2 | Microbiology results

In total, 177 (38%) BALF samples had negative microbiologi-
cal results, including 75 samples with growth of pharyngeal flora
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(Figure 2). These were excluded from further analyses. The remain-
ing 293 (62%) samples had positive microbiological findings, of
which 217 (46%) BALF had bacterial growth, 137 (29%) had fungal
growth, and 43 (9%) were positive in viral PCR. A single microbe was
found in 181 (38%) BALF samples, whereas 112 (24%) BALF had a
combination of bacteria, fungi, or virus. Bronchoscopies performed
within 3 months after transplantation had more poly-microbial find-
ings compared to later bronchoscopies (44% vs 33%, P = 0.04).

The most common microbiological findings were Candida al-

bicans, P. aeruginosa and coagulase negative Staphylococcus (in 42
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FIGURE 1 Total number of bronchoscopies and number of
patients with a bronchoscopy performed during the specified time
interval. In total, 103 (22%) bronchoscopies were performed less
than 1 mo after LTx, 98 (21%) 1-3 mo, 140 (30%) 3-6 mo, 47 (10%)
6-9 and 82 (17%) 9-12 mo after transplantation

470 BALF samples
177 samples
Positive
Microbiology
293 samples
1 1
No infection Signs of Infection
159 samples 134 samples
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21 samples
Signs of infection
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|
[ |
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FIGURE 2 Flowchart of samples in the study cohort and
subsequent classification according to microbiological results in
BALF and clinical signs of infection at the time of sampling

TABLE 2 (ABC) Microbial findings in BALF during first year
expressed as total number of patients (percent of patients, n
total=126). Owing to bronchoscopies with several microbiological
findings the figures do not sum up to 100%

n patients (%

patients)
A. Bacteria
Gram-negative
Pseudomonas aeruginosa 36 (29)
Stenotrophomonas 16 (13)
Escherichia coli 10 (8)
Achromobacter 4 (3)
Moraxella catarrhalis 3(2)
Chryseobacterium 2(2)
Serratia 2(1)
Other Gram-negative 5(3)
Gram-positive
Staphylococcus aureus 22 (17)
Coagulase negative staphylococcus 25 (20)
Enterococcus 8 (6)
Enterobacter 6(3)
Staphylococcus lugdunensis 2(2)
Pneumococcus 2(2)
Mycobacterium tuberculosis 1(1)
Mycobacterium abscessus 1(1)
B. Fungi
Yeast
Candida albicans 42 (33)
Candida non-albicans 17 (13)
Mold
Aspergillus fumigatus 21(17)
Aspergillus non-fumigatus 15(12)
Fusarium 3(2)
Penicillium 11 (9)
Other mold 3(2)
Pneumocystis® 5(3)
C. Virus
Coronavirus 10 (8)
Rhinovirus 9(7)
Parainfluenza virus 4 (3)
Metapneumovirus 3(2)
Herpes simplex virus 1 2(2)
Respiratory syncytial virus 2(2)
Adenovirus 2(2)
Other virus 3(2)

2Positive in PCR (no sample positive in IF).

(33%), 36 (29%), and 25 (20%) patients, respectively); see Table 2 for
all microbiological findings. Three patients (2%) had growth of ex-
tended spectrum beta-lactamase (ESBL)-producing bacteria in BALF
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(two Escherichia coli and one Enterobacter cloacae), one patient (1%)
of a multiresistant Burkholderia and nine patients (7%) of multire-
sistant P. aeruginosa. No methicillin-resistant Staphylococcus aureus
(MRSA), ESBL-and carbapenemase-producing Enterobacteriaceae or

vancomycin-resistant Enterococcus (VRE) was found.

(A)  Gram-positive and Gram-negative bacteria

60%-
-- G+

- G-
40%-

20%-

Patients undergoing BAL
within each time interval (%)

Time after LTx
(B)
Yeast and Mold
50%
40%-
-& Yeast
30%-

= Mold
20%-

10%-

Patients undergoing BAL
within each time interval (%)

Time after LTx

©)
Virus

25%- i
-e— Virus
20%-
15%-
10%~

5%

Patients undergoing BAL
within each time interval (%)

Time after LTx

FIGURE 3 (ABC) Microbiological findings in BALF the first year
after LTx expressed as percent of patients with a bronchoscopy
performed within each time interval. A, Gram-negative bacteria
(G-) and Gram-positive (G+) bacteria; B, Yeast and mold; C, Virus
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The proportion of patients with bacterial findings in BALF in-
creased over the first 6 months and then declined (Figure 3A). Yeast
was most common within the first month after LTx, whereas mold
peaked at 3-6 months (Figure 3B). The proportion of viral findings in-
creased over time with a maximum of 20% of patients at 6-2 months
(Figure 3C).

Gram-positive bacteria were significantly more common in
samples from patients receiving immunosuppression with ciclo-
sporin compared to patients receiving tacrolimus (27% and 18%,
P =0.03). In contrast, more Gram-negative bacteria were found
in samples from patients receiving tacrolimus, 30% and 19%,
respectively, yielding an OR of 2.0 (95% CI 1.3-3.3). However,
patients with cystic fibrosis were more frequently treated with
tacrolimus, and no significant association between Gram-negative
bacteria and tacrolimus was found when adjusting for cystic fi-
brosis, OR 1.4 (95% CI 0.8-2.4). No significant differences were
noted for mold, yeast, or virus (P =0.06, P=0.84 and P = 0.55,
respectively).

In the analysis by underlying pulmonary conditions, growth of
P. aeruginosa, as well as other Gram-negative bacteria, were more
common findings in patients with cystic fibrosis compared to any
other underlying diseases (41% vs 17%, P < 0.01 and 42% vs 19%
P =0.01, respectively). Patients with alpha-1-antitrypsin defi-
ciency had significantly more Gram-positive bacteria (34% vs 22%,
P =0.04), and less Gram-negative bacteria (11% vs 25%, P < 0.01)
and mold (6% vs 23%, P = 0.01) compared to other underlying di-
agnoses. Patients with underlying pulmonary fibrosis had more
Gram-positive bacteria (30% vs 21%, P = 0.03) and less growth of
P. aeruginosa in BALF (8% vs 27%, P < 0.01) compared to other un-
derlying diagnoses.

Peri-operative recipient cultures were obtained from 121 pa-
tients (96%). In all, 34 patients (28%) had positive recipient cultures.
Sixteen patients (13%) had growth of P. aeruginosa, and the remain-
ing 18 patients had findings of S. aureus, E. coli, Candida and other
Gram-negatives. All 16 patients with Pseudomonas in recipient cul-
tures had subsequent positive cultures for Pseudomonas at some
point during the follow up period. No significant difference in time
to first positive Pseudomonas culture was found between patients
with (n = 16) and without (n = 20) growth of pseudomonas in recip-
ient cultures (mean time to positive Pseudomonas culture 135 and
140 days, respectively (P = 0.86)).

3.3 | Signs of lung infection

In 134 of 293 bronchoscopies with positive microbiological find-
ings, the patients had clinical signs of lung infection (pneumonia or
tracheobronchitis) at the time of bronchoscopy. Twenty-one BALF
samples from 17 patients with signs of infection were obtained less
than 30 days apart, and thus considered as the same lung infec-
tion episode. This left 113 samples, of which 61 samples were from
patients with concomitant symptoms consistent with pneumonia
and 52 with tracheobronchitis. Six samples had also signs of acute

rejection in TBB, which may add to the clinical presentation. Five
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were grade Al and one grade A2. The remaining 159 BALF samples
with positive microbiological findings were regarded as no infection
(Figure 2).

In BALF from patients with concomitant signs of lung infections
the most common Gram-negative, Gram-positive, fungal, and viral
organisms were P. aeruginosa, Stenotrophomonas, coagulase negative
Staphylococcus, S. aureus, C. albicans, Aspergillus fumigatus, Rhinovirus
and Coronavirus (in 32 (28%), 9 (8%), 13 (11%) 12 (11%), 24 (21%),
9 (8%), 8 (7%), and 6 (5%) samples, respectively). One patient with
signs of lung infection had simultaneously >1000 CMV copies/mL in
blood and inclusion bodies in TBB and thus considered as a possible
CMV pneumonitis. Median time to first episode with signs of lung
infection was 37 days (range 5-383), and the incidence decreased
over time during the first year after LTx.

In 32 (28%) of BALF samples from patients with signs of infec-
tion, no previous bronchoscopy had been performed within the
study. In the remaining 81 (72%) samples, the same microbe was
identified in previous BALF in 43 samples (53%), of which 20 (46%)
revealed growth of P. aeruginosa.

When comparing microbiological findings with and with-
out signs of infection, the frequency of Gram-negative bacteria,
Gram-positive bacteria, mold and virus were not significantly dif-
ferent (Table 3). Yeast was significantly more frequent in signs of
infection (32% and 19%, P = 0.01). However, Candida was found
as a single microbe in only 17 samples (15%) with signs of lung
infection, all of which had concomitant macroscopic findings con-
sistent with tracheobronchitis. Fourteen of 17 samples (82%) were
obtained within 1 month after LTx and 10 samples (59%) were
C. albicans.

The total number of bronchoscopies with several microbiological
findings did not significantly differ between samples from patients
with signs of infection and samples from patients with no infection
(34% and 40%, respectively. P = 0.32). Neither did type of immuno-
suppression significantly differ between samples from patients with
and without signs of infection (P = 0.42).

34 Donor cultures, background data and
lung infections

During the lung transplantation procedure, bacterial and fungal cul-
tures were obtained from donor lungs in 119 patients (94%). Donor
cultures were positive in 79 patients (63%), of which 70 (55%) had
growth of bacteria and 18 (14%) had fungal growth. The most fre-
quent bacterial and fungal microbiological findings in donor lungs
were S. aureus and Candida species (47 (37%) and 17 (13%), respec-
tively). Sixty-five patients with positive donor cultures underwent
bronchoscopy within 1 month post Tx. Cultures from 14 BALF
samples (22%) yielded the same microbial species as found in the
donor cultures, of which 11 were Candida. In the first post-operative
month, Candida was significantly more common in BALF from pa-
tients with Candida in donor cultures compared to BALF from
patients with donor lungs negative for Candida (79% and 38%, re-
spectively; P = 0.04).

TABLE 3 Microbiological findings in BALF from patients with
and without symptoms of lung infection

No
Grouped microbio- infection Signs of infection
logical findings n (%) n (%) P-value
Gram-positive 70 (44) 41 (36) 0.20
bacteria
Gram-negative 64 (40) 48 (43) 0.71
bacteria
Yeast 30(19) 36 (32) 0.01
Mold 43 (27) 28 (25) 0.41
Virus 22 (14) 18 (16) 0.48

Samples from patients with positive microbiology and no infection (n
total = 159) vs samples from patients with signs of lung infection (n
total = 113) within defined microbiological groups. Owing to bronchos-
copies with several microbiological findings in BALF the figures do not
sum up to 100%.

No significant association was found between background fac-
tors and time to first lung infection as estimated by Cox regres-
sion; hazard ratio (HR) for positive donor cultures was: 1.5; 0.9-2.7;
HR for gender was 1.5; 0.9-2.6; HR for age at LTx was 1.0; 0.8-1.3
per 10-year increase; HR for single vs double lungs LTx was: 0.9;
0.4-1.9; HR for type of immunosuppression was: 1.4; 0.8-2.4; and
HR for cystic fibrosis as compared to other underlying diseases
was: 1.3; 0.6-2.7.

In a secondary analysis, patients with no microbial growth in
BALF throughout follow up were compared to patients with positive
microbial findings. No differences in underlying factors were found,
data not reported.

4 | DISCUSSION

Lung transplanted patients undergo bronchoalveolar lavage several
times during their first year after transplantation. Most studies on
microbiology in lung transplant patients evaluate infection episodes,
but very few report all microbiological findings in BALF. In this pro-
spective study, we analyzed for the first time the total microbiologi-
cal panorama found in BALF in Swedish lung transplant recipients.
We found that 85% of patients had samples with positive microbio-
logic finding(s), and only 15% of patients remained negative through-
out their bronchoscopies. In line with our findings, Charlson et al*®
found that lung transplant recipients have a higher bacterial burden
in BALF than healthy control subjects, regardless of underlying indi-
cation for transplantation. The single most common bacterium was
P. aeruginosa, both overall and in samples with signs of lung infection.
P. aeruginosa is previously well described as an important pathogen
in lung transplanted patients.>>* Not surprisingly, P.aeruginosa,
and other Gram-negative bacteria, were significantly more frequent
in patients with cystic fibrosis. The fact that the study participants
underwent varying numbers of bronchoscopies may result in over-

representation of individual microbes. However, by presenting the
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data as the proportion of patients with the microbiological finding,
we have tried to avoid bias.

Gram-negative bacteria were more common among patients
receiving tacrolimus. However, this association was confounded by
a high proportion of patients with cystic fibrosis receiving tacroli-
mus. The total number of infection episodes did not significantly
differ between patients receiving tacrolimus compared to ciclospo-
rin. In line with our data, Hachem et al and Zuchelman et al found
no difference in frequency of infections depending on type of
immunosuppression.t>1¢

The low prevalence of MDR bacteria in our study reflects that
Sweden still has a favorable situation regarding antimicrobial resis-
tance compared to most countries. In comparison, Kovatz et al de-
scribed a MRSA prevalence of 25% in lung transplant patients in the
first post-operative year,17 and Tebano et al*® found MDR strains in
respiratory samples in 90 of 179 lung transplanted patients (51%). In

1* describes the serious

a recent publication, Rodrigo-Troyano et a
threat posed by Gram-negative MDR bacteria in respiratory infec-
tions. In fact, management of MDR bacteria in solid organ trans-
planted patients is a major issue of concern in most countries.?°
In our samples, most Gram-negative bacteria were susceptible to
carbapenem treatment and no MDR Gram-positive bacteria were
found. Thus, our results indicate that the peri-operative antibiotic
prophylaxis and later empiric antibiotic therapy at present not nec-
essarily has to include specific targeting of MDR bacteria in Swedish
lung transplant patients.

Candida dominated in BALF-cultures the first post-operative
month. In line with our data, Kovats et al'” report a high Candida
burden the first months after LTx. Candida was present in 32% of
all samples with concomitant signs of lung infection, but only 15%
had Candida as a single pathogen. All had signs of tracheobronchitis,
which corresponds to an incidence of Candida tracheobronchitis of
12%, assuming that Candida was the causative pathogen. This num-
ber is high compared to a study on 384 heart and/or lung transplant
recipients, where an overall incidence of invasive Candida infections
of 8.3% was described, of which tracheobronchitis represented
38% and pneumonia 3.1%.2* However, a broad antimicrobial post-
operative treatment the first month after LTx may cause negative
bacterial BALF cultures and promote Candida dominance in lung in-
fections in our study.

Forty-five percent of patients experienced at least one episode
with symptoms of lung infection during the first year after trans-
plantation. A limitation of the study is that we did not take addi-
tional cultures/PCR from blood, sputum or nasopharyngeal into
account. Another limitation is that we did not evaluate patients
with culture-negative samples for signs of infection, which is why
the true frequency of lung infections may be underestimated.
Although, our results are comparable to other studies that report
a frequency of lung infections between 30% and 70%.%%¢1422.23
The incidence of lung infections in our study decreased over time.
Similar results have been reported in other studies, where the first
three post-operative months have been defined as the critical
period for infections in lung transplanted patients, especially for
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bacterial etiology.>?* Consistent with previous studies, we found
no significant association between positive donor cultures and
later microbiological findings in the absence or presence of lung
infections.?%2

The microbiologic panorama found in BALF from patients with
clinical signs of lung infection was similar to that found in sam-
ples from patients without symptoms in our study. However, it is
important to note that we did not evaluate the probable causative
pathogen. Since several microbiologic agents were found in 40% of
BALF from patients with signs of lung infection, the causative mi-
crobe was difficult to determine. In addition, we lack information
about concomitant antimicrobial treatment that may interfere with
microbiological results, as well as how treatment of specific patho-
gens influences the clinical outcome. About half of the patients with
signs of lung infection had a previous bronchoscopy with the same
microbe found in BALF, suggesting that the microbiology results of
a previous bronchoscopy could guide antibiotic treatment in about
half of the cases. In particular, previous cultures with P. aeruginosa
should be targeted in empiric treatment.

In conclusion, a majority of bronchoscopies from lung transplant
patients during the first year after LTx had positive microbiologic
findings, often with several pathogens. Previous BAL cultures, in
particular findings of P. aeruginosa, could guide empiric treatment of
airway infections, which suggests a role for surveillance bronchos-
copies. The frequency of MDR bacteria was low in our study, indi-
cating that empiric therapy does not need to include MDR bacteria
at present in Sweden. Microbiological findings were similar in BALF
from patients with and without signs of lung infection. The results
reinforce that microbiological findings have to be evaluated in the
light of clinical symptoms and endobronchial appearance in the

assessment of lung infections in lung transplant patients.
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